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WILDLIFE HABITAT EVALUATION OF THE UNCHANNELIZED 
MISSOURI RIVER IN SOUTH DAKOTA 
Abtract 
f, 
JAMES R. CLAPP 
Areas of eight habitats were identified, delineated, and measured 
along the unchannelized Missouri River in South Dakota. Agricultural 
and urban developments existed on 60 percent of the land within 1 km of 
the river. Six habitat types made up the non-developed land in the 
study area: cottonwood-dogwood (16 percent), cottonwood-willow 
(9 percent), elm-oak (7 percent), cattail marsh (3 percent), sand dune 
(3 percent), and sand bar (1 percent). All non-developed habitats 
except sand bar were sampled to obtain vegetative composition and to 
determine their value to wildlife. The value of each habitat to nine 
faunal groups of wildlife was subjectively rated from 0 (poor) to 
10 (excellent). An interspersion value was added to arrive at total 
habitat value. 
CJttail marshes were typically monospecific stands of narrow-
lE:C',ed cattail (Typha angustifolia) in slow-moving, shallow water. 
Tr:is hi:1bitat W3S rated highest in its value to wildlife (8.9), and 
\-1,,5 especially important for aquatic furbearers, waterfowl, other 
water and marsh birds, and herptiles. 
Cottonwood-dogwood habitat generally consisted of three layers 
of vegetation: eastern cottonwood (Populus deltoides), red-osier 
dogwood (Cornus stoloifera), and poison ivy (Toxicodendron rydbergii). 
A rating of 7.9 was given this habitat, and conditions were good for 
all terrestrial faunal groups except herptiles.· 
Cottonwood-willow stands were dominated by eastern cottonwood 
and various willows (Salix spp.) and occurred in a clumped distribution. 
Woody vegetation was interspersed with open areas covered with grasses, 
forbs, sedges (Carex spp.), or horsetail (Eguisetum spp.), forming a 
system of edges. The total habitat value for cottonwood-willow 
communities was 7.5; big game and upland game birds found conditions 
excellent there. 
Elm-oak habitat was comprised of a wide variety of trees; the 
most important were slippery elm (Ulmus rubra), bur oak (Quercus 
macrocarpa), box elder (Acer negundo), and eastern red cedar (Juniperus 
virginiana). Grazing of the understory and ground cover reduced the 
value of this habitat to most types of wildlife (6.7). 
Sand dunes were deposited by floods occurring prior to the closure 
of Fort Randall Dam and Lewis and Clark Dam. Vegetation consisted of 
older cottonwoods probably existing prior to the floods and younger 
cottonwood/willow stands, interspersed with bare sand and patches of 
alfalfa. Conditions were fair for most species of wildlife (5.3), 
with terrestrial birds and herptiles receiving the most benefit. 
Future alterations of the unchannelized river in the study area 
should be planned with an objective of leaving areas of all six 
habitats on non-developed land to maintain the diversity of wildlife 
presently found there. 
INTRODUCTION. 
STUDY AREA. . 
TABLE OF CONTENTS 
Description of the River. 
Phys i ography. . . . 
Soils and Land Use. 
Vegetation. 
Climate 
METHODS . 
Delineation of Habitat Types. 
Sarr;pl ing Sites ..... 
Vegetation Sampling .. 
Hab~tat Type Evaluation 
RESULTS AND DISCUSSION. 
Habitat Delineation. 
Vegetation Analysis . 
Habitat Type Evaluation 
Sand Dune Habitat .. 
catta lTMa rsh Ha bi ta t 
CcttonwoOCl"=WTl1ow Habitat 
CottonwoOd-dogwood Habitat. 
[lc:-oak Habitat 
CONCLJSIOns 
, 
Page 
1 
3 
3 
3 
5 
5 
6 
8 
8 
8 
10 
11 
16 
16 
18 
38 
41 
46 
48 
53 
57 
65 
68 
Tabl e 
1. 
2. 
3. 
LIST OF TABLES 
Number of sampling sites in each habitat type 
within the study area ..........•.. 
Interspersion values per acre added to habitat 
base value per acre ... 
Area of habitat types within 1 
River from Fort Randall, South 
City, Iowa ........ . 
km of the Missouri 
Dakota, to Sioux 
4. Quantitative characteristics of sand dune habitat 
Page 
9 
15 
17 
overstory in the study area. . . . . . . . . . . . 20 
5. Quantitative characteristics of sand dune habitat 
understory in the study area. . . . . . . . . . . 21 
6. Quantitative characteristics of cottonwood-willow 
habitat overstory in'the study area. . . . . . . . 25 
7. Quantitative characteristics of cottonwood-willow 
habitat understory in the study area. . . . . . . 26 
8. Quantitative characteristics of cottonwood-dogwood 
habitat overstory in the study area. . . . . . . . 28 
9. Quantitative characteristics of cottonwood-dogwood 
habitat understory in the study area. . . . . . 30 
10. Quantitative characteristics of elm-oak habitat 
overstory in the study area. . . . . . . . . . . 32 
11. Quantitative characteristics of elm-oak habitat 
understory in the study area . . . . 33 
12. Frequency of v~nes in eight sample sites of cottonwood-
dogwood and five sample sites of elm-oak habitats. 35 
13. Wildlife habitat base unit values for five habitat 
types identified on the study area. . . . . . . . 39 
i i 
Ta b 1 e 
14. 
15. 
16. 
17. 
18. 
LIST OF TABLES (Cant.) 
Average waterfowl censuses of weekly Missouri 
River aerial surveys flown between Fort Randall 
Dam, South Dakota, and Sioux City, lowa, from 
mid-October to 1 December. The river segment 
between Fort Randall Dam and Gavins Point Dam 
includes Lewis and Clark Lake ........ . 
Small mammal captures per 100 trap-nights (TN) 
and habitat values for 21 sampling sites ... 
Avian data and habitat values for 21 sampling 
sites. .. ......... . . . . . . . 
Base habitat values and coefficients of variation 
for five habitat types in the study area .. 
Calculation of total habitat values per acre for 
five habitats on the study area ...... . 
iii 
Page 
40 
43 
45 
62 
64 
Figure 
2. 
3. 
4. 
5. 
6. 
7. 
LIST OF FIGURES 
Locations of 23 sampling sites within the study 
a rea. . . . . . . . . . . . ..... 
Typical sand dune habitat along the Missouri River 
nea r Greenwood, South Dakota. . . . . . 
Typical cattail marsh habitat along the Missouri 
River at the mouth of Choteau Creek, South Dakota 
Typical cottonwood-willow habitat along the Missouri 
River near North Sioux City, South Dakota ..... . 
Typical cottonwood-dogwood habitat along the Missouri 
River near Vermillion, South Dakota ...... . 
Typical elm-oak habitat along the Missouri River 
near Maskell, Nebraska. . . . . ..... . 
Phenogram of cluster analysis using tree basal areas 
and shrub densities from 21 sampling sites. The 
habitat type code of each site is: 120 - Sand dune, 
321 - Cottonwood-willow, 322 - Cottonwood-dogwood, 
330 - Elm-oak ................... . 
i v 
Page 
4 
22 
23 
24 
27 
31 
37 
Appendix 
A. 
B. 
C. 
D. 
E. 
F. 
G. 
H. 
1. 
LIST OF APPENDICES 
Common and scientific names of plant species 
referred to in the text ...... . 
Formulas used in vegetation analyses 
Application of index of overlap (Horn 1966). 
Results of small mammal trapping 
Bird species diversity and avian compositions 
of habi tats. . . . . . . . 
Mammalian species expected to occur in the 
study area. . . . .. . ..... 
Bird species occurring in southeastern South 
Da kota " ........ . 
Amphibians and reptiles expected to occur in 
the study area ............ . 
Average values for each habitat to nine faunal 
groups by segment. . . . . . . . . . . . . . . 
v 
Page 
74 
77 
78 
79 
84 
94 
96 
108 
llO 
INTRODUCTION 
Water development programs of the U. S. Army Corps of Engineers 
and the U. S. Bureau of Reclamation have eliminated most of the 
free-flowing Missouri River. The Rivers and Harbors Act of 1945 
authorized the construction of a permanent channel 9 ft (2.7 m) deep 
and 300 ft (91.4 m) wide from the mouth of the river to Sioux City, 
Iowa, to increase navigational safety and prevent streambank erosion. 
In 1961, the completion of the Kensler's Bend Project extended the 
stabilization structures 32 km upstream from Sioux City to Ponca 
State Park, Nebraska (U. S. Army Corps of Engineers 1960). The Flood 
Control Act of 1944 authorized full scale development of the remaining 
Missouri River Basin, with the U. S. Army Corps of Engineers Juilding 
downstream reservoirs for navigation and flood control and the U. S. 
Bureau of Reclamation building upstream reservoirs for irrigation 
and other consumptive uses (Missouri River Basin Inter-agency Committee 
1971). Three small sections of the Missouri River remain free-flowing: 
(1) 128 km between Garl'ison Dam, North Dakota, and the headwaters of 
Lake Dahe; (2) 66 km between Fort Randall Dam, South Dakota, and 
Running Water, South Dakota; and (3) 122 km between Gavins Point Dam 
and Sioux City, Iowa. 
The effects of channelization on small streams and wetlands are 
documented (Barstow 1971, Bonnema 1972, Choate 1972, Bonnema and 
Zschomler 1974), but most large rivers were channelized or inundated 
by reservoirs prior to measurement of their value to wildlife. Funk 
and Robinson (1974) used aerial photographs to determine differences 
in the area of wildlife habitat on the lower Missouri River before 
and after chann~lization. They found that populations of waterfowl and 
aquatic furbearers were greatly reduced when islands and the chutes and 
sloughs of backwater areas were eliminated. Clearing of bottomlands 
for agriculture and a reduction of habitat for forest-dwelling species 
also followed channelization. 
This project was conducted to determine the value to wildlife of 
the free-flowing portion of the Missouri River between Nebraska and 
South Dakota. Specific objectives were: 
(1) to identify, delineate, and measure all habitats within 1 km 
of the free-flowing Missouri Fiver between Fort Randall Dam, South 
Dakota, and Sioux City, Iowa; 
(2) to quantitatively describe understory and overstory of 
naturally vegetated habitats; and 
(3) to subjectively assign a habitat value to wildlife of each 
of the natural habitats. 
2 
Miles 
o 5 10 20 
1" 11,. I 
o 6 12 
Kilometers 
Case 
SOUTH 
DAKOTA 
SOUTH 
NEBRASI<A 
MINNE-
SOTA 
Ya nkton 
N 
IOWA 
Figure 1. Locations of 23 sampling sites within the study area. 
STUDY AREA 
Description of the River 
The study area consisted of riparian habitats along the Missouri 
River between Fort Randall Dam, South Dakota, and Sioux City, Iowa. 
This river section is approximately 190 km, and excludes Lewis and 
Clark Lake, a man-made reservoir behind Gavins Point Dam (Fig. 1). 
Most of the river in the study area remains in natural condition. 
The river channel constantly changes location and velocity, resulting 
in frequent changes in river width (0.4 - 2.4 km) and depth 
(0 - 10 m). Variation in water flow causes frequent changes in the 
locations and sizes of sandbars. Numerous islands of various sizes 
and stages of vegetational complexity and stability are present. 
The banks of the river from Ponca State Park to Sioux City have 
been stabilized with rock revetments and dikes. Stable sandbars occur 
behind the dikes, but shifting bars characteristic of the free-flowing 
river are absent. There are no islands in this portion of the 
river. 
Physiography 
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The study area was located in the Missouri River Trench division 
of the Central Lowlands (Flint 1955, cited by Westin et al. 1967). The 
river and a narrow alluvial floodplain dissect rolling to precipitous 
bluffs between Fort Randall Dam and Running Water. Steep and rolling 
bluffs are also on the Nebraska side of the Missouri River between 
Gavins Point Dam and Sioux City. In some locations, a narrower 
floodplain occurs between the river and the bluffs; in others, the 
bluffs rise sharply from the edge of the river. The South Dakota side 
af the river between Gavins Point Dam and Sioux City has a wide, level 
floodplain. River elevations range from 440 m (Fort Randall Dam) to 
340 m (Sioux City) above sea level. 
Soils and Land Use 
Bottomland soils are generally thin and include three Chernozem 
soils: (1) loamy sands, (2) loams (sandy, silt, silty clay, and 
clay), and (3) clays (Roberts et al. 1928, Goke and Brown 1929, 
Hayes et al. 1930, Moran et al. 1933, Westin et al. 1967, Slama et al. 
1976). Soils of the bluffs are generally silt loams east of Gavins 
Point Dam, and clays or clay loams west. Major land use is 
agriculture, with bottomland suitable for corn, oats, soybeans, and 
alfalfa; bluffs are grazed by cattle. 
Vegetation 
Kuchler (1964) classified the natural vegetation as the northern 
floodplain forest. Floodplain vegetation between Gavins Point Dam and 
Sioux City has been studied (Johnson 1949, Van Bruggen 1961, 
Heckel 1963, Wilson 1970, Lawrey 1973). Lawrey (1973) classified 
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the riparian vegetation into five communities: cattail, cattail-willow-
cottonwood, willow-cottonwood, cottonwood-dogwood, and elm-ash-mulberry. 
The common and scientific names of plants referred to in the text are 
listed in Appendix A. 
Narrow-leaved cattail, found wherever shallow water covers the 
soil surface, becomes stunted and dies when the soil becomes exposed 
(Weaver 1960). Dense stands of peach-leaved willow, sandbar willow, 
and eastern cottonwood become established on exposed barren substrates. 
As cottonwood trees increase in size, willows die from competition and 
lack of light (Vaube1 and Hoffman 1975). When cottonwoods dominate 
the community, the shrub layer consists of red-osier dogwood, with 
Virginia creeper and poison ivy forming a dense ground cover. Lawrey 
(1973) felt that climax vegetation consisted of slippery elm, green 
ash, and mulberry, with an understory of red-osier dogwood and 
riverbank grape. Vaube1 and Hoffman (1975) found elm-sycamore to be 
a transitional seral stage between the cottonwood stage and the 
probable climax stage, which consisted of bur oak, shagbark hickory, 
slippery elm, and basswood. Important shrubs in the transitional seral 
stage were red-osier dogwood, wolfberry, and gooseberry. Although 
Vaube1 and Hoffman (1975) made their study of vegetation south of 
Sioux City, the climax community they described appears to be 
representative of vegetation found on the Nebraska bluffs. 
Cl imate 
The climate in the study area is continental, characterized by 
cold winters and hot summers (Spuhler and Lytle 1971). The average 
annual temperature is 8.9 C, and extreme temperatures of -29 C (low) 
and 38 C (high) are recorded at least once each year. Average annual 
6 
precipitation is 63 cm, of which approximately 77 percent falls during 
the growing season (1 April to 31 September). Snowfall averages 65 cm 
per year. Prevailing winds are generally 16 to 18 km per hour, and 
blow from the northwest during the winter and from the southeast during 
the summer. 
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METHODS 
Measurement of habitat values to wildlife was based on the concept 
that all land has a value to wildlife (Daniel and Lamaire 1974), and 
that this value can be subjectively rated from 0 (poor) to 10 
(excellent). The procedures I used are outlined in the Habitat 
Evaluation Procedures manual (U. S. Fish and Wildlife Service 1976). 
Natural and agricultural/urban habitat types were delineated. Random 
sampling sites were used to gather data on overstory and understory 
composition in each natural habitat type and to determine the value 
of each type to various categories of wildlife. 
Delineation of Habitat Types 
Areas of eight distinguishable habitat types within 1 km of both 
sides of the river were measured and identified by code on aerial 
photographs (scale = 1:24,000). Identification of each habitat type 
was verified by field observation. 
Sampling Sites 
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The study area was divided into three segments: (1) Fort Randall 
Dam to Running Water, (2) Gavins Point Dam to Ponca State Park, and 
(3) Ponca State Park to Sioux City. Twenty-three sites were selected 
for sampling during June through August 1976 (Table 1, Fig. 1). 
Habitat evaluation was not conducted on sandbars or agricultural/ 
urban land. Sandbar location, size, and total area change from year 
• 
Table 1. Number of safli~ling sites 'in each habitat type within the 
study area, 
Habitat Type 
Sand dune 
Cattail marsh 
Cottonwood-willow 
Cottonwood-dogwood 
Elm-oak 
Total 
1 
2 
o 
3 
1 
7 
Segment 
1 
o 
3 
3 
3 
10 
1 
o 
2 
2 
1 
6 
Total 
3 
2 
5 
8 
5 
23 
aFort Randall Dam, South Dakota, to Running Water, South Dakota. 
bGav;ns Point Dam to Ponca State Park, Nebraska. 
cPonca State Park to Sioux City, Iowa. 
9 
10 
to year with differences in the river channel flow. 
Number of sampling sites in each segment was based on the 
percentage that each habitat type within the segment represented of 
the total natural habitat measured along the river. In this way, 
sampling sites were located in all segments. Sampling sites were 
selected from randomly chosen aerial photographs; specific site 
locations were based on accessibility. A 100 m square (1 hal 
intensive sampling area was not randomly chosen but was selected to 
include vegetation representative of the habitat type on each sampling 
site. 
Vegetation Sampling 
Trees were sampled on two 10 m by 25 m (1/40 hal plots in each 
sampling area following procedures described by Lawrey (1973) and 
Vaubel and Hoffman (1975). Peach-leaved willows and sandbar willows, 
which occurred as shrubs or trees, were recorded as shrubs when less 
than 1 cm diameter at breast height (DBH) and as trees when greater 
than 1 cm DBH. Relative dominance (basal area), density, and frequency 
of trees in each habitat type were calculated from this information. 
Values were summed for each species to yield an importance value, 
which could range from 0 to 300. All formulas used in vegetation 
analyses are presented in Appendix B. 
Shrub composition was analyzed by a modification of the line 
intercept method of Bauer (1943). Two line transects were oriented 
the length of each plot used for tree analysis. The number of times 
each species was intersected by these transects was recorded to 
measure relative density and frequency. Relative density and 
frequency for each shrub species in each habitat type were summed 
to derive a shrub importance value, which could range from 0 to 200. 
Species of arboreal and ground covering vines in each sampling site 
were recorded to measure frequency of each species. 
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An overlap, or similarity, index was used to compare the overstory 
and understory vegetation of each sampling site containing woody 
vegetation to that of each of the other sites. The formula, developed 
by Horn (1966), and its application are described in Appendix C. 
Cluster analysis was used to place each of the sampling sites into 
similar groupings (habitat type?) based on their similarity values. 
Calculations were performed by computer with an unweighted pair-group 
method using arithmetic averages as described by Sneath and Sokal (1973). 
The vegetational relationships between sites as depicted by cluster 
analysis were shown as a phenogram. 
Habitat Type Evaluation 
To obtain a base value, each habitat type was rated accordirg 
to its value to each of nine faunal groupings of wildlife: (1) big 
game, (2) upland game mammals, (3) furbearers, (4) small marrrnals, 
(5) upland game birds, (6) waterfowl, (7) other water and marsh birds, 
(8) terrestrial birds, and (9) reptiles and amphibians (herptiles). 
Ratings were based upon such characteristics as plant density, 
understory, relative abundance of plants valuable to wildlife, and 
degree of grazing as suggested by Daniel and Lamaire (1974). I also 
took into consideration the degree to which the area was used by 
wildlife as indicated by visual observations and field sign (tracks, 
feces, dens). Each evaluation was recorded as a numerical 
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rating using the following scale: poor, 0.0 - 3.0; fair, 3.1 - 5.0; 
good, 5.1 - 8.0; excellent, 8.1 - 10.0. The value of a habitat type 
was rated not applicable (NA) when it was probably not used by a faunal 
group. Coefficients of variation were calculated for each habitat type 
(Steel and Torrie 1960) to determine the percent variation among the 
habitat unit values. 
Use of the river by migrating waterfowl was obtained from aerial 
surveys flown by the South Dakota Department of Game, Fish and Parks. 
Collection/observation data were also used to evaluate habitats for 
small mammals and terrestrial birds. 
Small mammal population indices in each intensive sampling site 
were acquired using removal trapping. A six by six grid of stations 
was laid out; stations were 15 m apart and contained two Museum Special 
snap traps. The traps were checked and baited nightly for three 
nights with a mixture of rolled oats and peanut butter (Beer 1964). 
All captures were expressed as captures per 100 trap-nights and rate 
of capture was used to compare habitat types. 
Habitat values for small mammals were based largely on a 
comparison of captures per 100 trap-nights made in this study, because 
studies of these habitat types have not been reported extensively in 
the literature. The highest number of captures per 100 trap-nights was 
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given a habitat value of 10, and all other sites were compared to this 
when determining values. Captures and species composition of small 
mammals in each habitat type are describ,::.d i~; Appendix O. 
Avian use of sampling sites was determined by walking along the 
six 75 m square grid lines used in small mammal sampling, but extending 
the length of the lines to 100 m. All birds utilizing the sampling 
area for nesting or feeding were recorded during a two hour period 
mornings and evenings. Counts were not made during periods of rain, 
high winds, or when mid-afternoon temperatures exceeded 35 C. 
Bird species diversity (BSD) was calculated USing the Shannon-
Weaver index (Shannon and Weaver 1949). This formula has received 
widespread use in recent studies of avian communities (MacArthur and 
MacAr~hur 1961, Karr 1968, Kricher 1973, Shugart and James 1973, 
Zimmerman and iatschl 1975) and was used in this study as the most 
important factor in determining the value of each habitat to 
terrestrial birds. The n~mber of species recorded and the average 
nll~ber of birds using each site were also used to determine habitat 
values. The BSD data from this study were compared to two other avian 
stud~es on riparian cottonwood woodlands to determine the highest 
habi:at value, and all other sites were compared to .~ 1 ". The number 
of species recorded and the average number of birds using each site 
were also used to determine habitat values. The Shannon-Weaver index 
and its application are discussed in Appendix E, along with details 
of avian composition of each habitat and a brief analysis of BSD 
in relation to succession. 
A value was added to the base value assigned each habitat type 
for interspersion based upon the number of adjoining habitat types 
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and their values (U. S. Fish and Wildlife Service 1976). To determine 
the interspersion value for each habitat type, aerial photographs were 
overlaid with a transparency gridded into 16 ha squares. If more than 
one habitat type occurred within a square or if one habitat type 
occurred more than once, the base values of all habitat types were 
added. The total base value of all habitat types within the grid was 
converted to an interspersion value (Table 2). When interspersion 
values had been computed on all of the aerial photographs, a mean 
interspersion value for each habitat type was calculated and added 
to the base value. The base ~alue, plus its interspersion value, 
could be multiplied by the total acreage of the habitat being 
evaluated to determine the overall value in habitat units of that 
habitat type. 
A literature search was conducted to determine the species of 
mammals, birds, and herptiles which have been reported within the 
range of the study area. Scientific names of animal species are 
listed in Appendices F, G, H. 
Table 2. Interspersion values per acre added to habitat base value 
per acre. a 
Number of Habitat 
Types in 16-ha 
Grid 
~1 
~2 
~2 
~2 
~2 
~2 
Total Base Value 
of all Habitat 
Types in Grid 
NA 
0-1 
2 - 9 
10 - 19 
20 - 29 
30 - 30+ 
au. S. Fish and Wildlife Service (1976). 
Interspersion Value 
to be Added to Base 
Va 1 ue 
0.0 
0.0 
0.1 - 0.8 
0.9 - 1.8 
1.9 - 2.8 
2.9 - 3.0 
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RESULTS AND DISCUSSION 
Habitat Delineation 
Natural habitats comprised 40 percent (12,304 hal of the total 
area delineated; agricultural/urban lands accounted for 60 percent 
(18,726 hal. Cottonwood-dogwood was the most abundant natural 
habitat, followed by cottonwood-willow, elm-oak, cattail marsh, sand 
dune, and sand bar (Table 3). 
Percentage of sand bar area in Segment 1 was lower than 
Segments 2 or 3 because the river in Segment 1 was bordered by bluffs 
and had fewer meanders. Although Segment 3 was stabilized, it had as 
large a percentage of sand ba~ area as Segment 2; however, the stable 
sand bars of Segment 3 resulted from the accumulation of sand behind 
wing dikes, while the bars in Segment 2 were unstable, shifting as the 
river channel fluctuated. 
Area of sand dune habitat varied from 2 percent in Segment 1 to 
16 
6 percent in Segment 3, and probably resulted from sediments deposited 
by floods prior to the closing of Fort Randall Dam and Gavins Point Dam. 
Reduction in river velocity caused increased sand deposition on the 
inside of river meanders (Van Sruggen 1961). 
Measurable cattail marsh was found only in Segment 1 near Running 
Water, where water current velocity decreased. Other cattail stands 
were in shallow water away from the main channel and near incoming 
tributaries. Lawrey (1973) reported marshes along the river between 
Gavins Point Dam and Sioux City, but he did not distinguish between 
Table 1. ~re" of habitat tYres within I ~m of the t1issour1 River from fort Randall nam, South Dakota, to Siou. City, Iowa. 
~ ---- - --- ----
lit' hi t,l t __ . ___ Se_~m_e!~ _~~~ ___ Se9nlell t 2b Se!l~l1ent 3c Total 
T YP" ((ode) ~ues lIeclares t Acres-' Hectares % Acre-s-- Hectares % lic res Hec ta res 1 
Sand hAr (110) 172 70 d 67n 274 2 223 90 2, 1,073 434 
Sand Ollne (120) 444 180 2 },066 431 3 777 314 6 2,287 926 ) 
Cattail 
"Iarsh (310) 2,523 1,021 10 0 0 0 0 0 0 2,532 1,021 ) 
Co tt omlOod -
willow (3ll) 0 0 0 4,157 1,682 II 2,389 967 19 6,546 2,649 9 
Cottollwof)d-
d09>1ood (3Zl) 4,766 1,776 16 6,765 2,738 18 1,351 547 11 12,382 5,011 16 
E Im-o"k ()Jr!) 2,5B9 1,048 10 }, 912 774 5 1,091 444 9 5,592 2,263 7 
Agricultllrdl 
lands (400) 14,834 6,003 56 21, 695 8,780 57 6,334 2,563 52 42,663 17,346 56 
Urban 
lands (500) 1.570 6.15 6 1,728 699 4 III 45 3,409 1,380 5 
Total 76,390 10,6113 100 30,001 15,378 100 12,276 4,970 100 76,684 3 1,030 100 
------
--------------, 
aFort Randall Dam, South Dakota, 10 Runnln9 Waler, South Oakota. 
hr..vlns Point Oam to Ponca State Park, Nebraska. 
~ronc. State Park to Sioux ctty, Iowa. 
Less than I percent. 
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cattail and cattail-willow-cottonwood habitats. Small cattail marshes 
in Segment 2 were usually interspersed with islands of willow-cottonwood 
habitat and chutes, forming a complex mosaic in certain locations. 
However, high water releases from Gavins Point Dam during the winter of 
1975-76 silted in most low areas. This silt will restrict future 
cattail reproduction and growth. 
Cottonwood-willow habitat was absent in Segment 1, but was the 
second most common natural habitat in Segment 2 and comprised the 
greatest amount of natural vegetation in Segment 3 (Table 3). The lack 
of this habitat in Segment 1 may be explained by the limited area of 
sand bars upon which cottonwood-willow habitat could become established. 
Much of the cottonwood-willow'habitat in Segment 3 was located on 
stable sand bars behind the wing dams of the stabilized river. 
The most abundant natural vegetation in Segment 1 and Segment 2 
was cottonwood-dogwood (Table 3). In Segment 3, more cottonwood-willow 
occurred than cottonwood-dogwood. 
Elm-oak habitat occurred in ravines and moist locations on the 
bluffs in Segment I, and on the Nebraska bluffs in Segments 2 and 3. 
This habitat was the second most important in Segment I, and third 
most important in Segments 2 and 3. 
Vegetation Analysis 
Sand dune habitat represents a reversion to an earlier stage of 
succession. Sand deposited by floods covered all vegetation except 
for larger eastern cottonwoods (0.5 - 3.0 dm DBH). Vegetation 
established since flooding consisted of dense stands of cottonwood, 
sandbar willows, and peach-leaved willows (Tables 4 and 5, Fig. 2). 
Although species composition of sand dunes was simple, distribution of 
vegetation was variable. It included expanses of sand with no 
vegetation; tall cottonwoods over bare sand or·with an understory of 
willows and/or cottonwood saplings; and dense patches of young 
cottonwoods, willows, and/or alfalfa. Dunes stabilized by trees 
and shrubs often had a ground cover of alfalfa. 
Cattail marshes consisted of monospecific stands of narrow-leaved 
cattail in sandy, shallow-water areas (Fig. 3) interspersed with 
cleared waterways. There was little or no submergent vegetation, 
although some duckweed was obs~rved. 
Plant species composition and distribution were more complex in 
cottonwood-willow habitat (Fig. 4) than in either sand dune or marsh 
habitats. A complex mosaic was formed from interspersion of open 
areas with herbaceous growth, rushes, or horsetail; small ponds with 
cattail peripheries; extremely dense thickets of willow; and 
patches of willow/tall cottonwood. Four tree species and six shrub 
species were recorded (Tables 6 and 7). Peach-leaved willow had the 
highest importance value for trees, followed by cottonwood, Russian 
olive, and sandbar willow. Willows and false-indigo were typical 
shrubs for this habitat and showed the highest importance values. 
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Although eight tree species were recorded in cottonwood-dogwood 
habitat (Fig. 5), cottonwood was the most important, exhibiting the 
highest relative density, dominance, and frequency (Table 8). Slippery 
Table 4. Quantitative characteristics of sand dune overstory in the 
study area. 
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Relative 
Density 
Relative Relative Importance 
Species Dominance Frequency Value 
Eastern cottonwood 100.00 100.00 100.00 300.00 
.. 
Table 5. Quantitative characteristics of sand dune understory in the 
study a rea. 
Species 
Sandbar willow 
Peach-leaved willow 
Total 
Relative 
Density 
62.89 
37.11 
100.00 
Relative 
Frequency 
45.50 
54.50 
100.00 
Importance 
Value 
108.39 
91. 61 
200.00 
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Figure 2. Typical sand dune habitat along the 
Missouri River near Greenwood, South Jakota. 
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Figure 3. Typical cattail marsh habitat along the ~1issouri 
River at the mouth of Choteau Creek, South Dakota. 
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Figure 4. Typical cottonwood-willow habitat along the 
:'1 ssoul'j Ri ver near North Sioux Ci ty, South [lakota. 
, . 
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Table 6. Quantitative characteristics of cottonwood-willow habitat 
overstory in the study area. 
Relative Relative Relative Importance 
Species Density Dominance Frequency Value 
Peach-leaved willow 68.33 67.56 22.22 158.11 
Eastern cottonwood 21. 67 21. 62 44.45 87.74 
Russian olive 3.33 5.41 22.22 30.96 
Sandbar willow 6.67 5.41 11. 11 23.19 
Total 100.00 100. 00 100.00 300.00 
Table 7. Quantitative characteristics of cottonwood-willow habitat 
understory in the study area. 
Relative Relative Importance 
Species Density Frequency Value 
Sandbar willow 35.34 25.53 60.87 
Peach-leaved willow 28.49 27.66 56.15 
False-indigo 20.82 19.15 39.97 
Red-osier dogwood 8.77 12.77 21.54 
Diamond willow 3.56 8.51 12.07 
Wild rose '3.02 6.38 9.40 
Total 100.00 100.00 200.00 
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'. • I;" 
"J'", 
Figure 5. Tyoical cottonwood-dc;wood h3)itat 
along the Missouri River near Vermillion, 
South Dakota. 
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Table 8. Quantitative characteristics of cottonwood-dogwood habitat 
overstory in the study area. 
Relative Relative Relative Importance 
Species Density Dominance Frequency Value 
Eastern cottonwood 41.56 82.54 30.78 154.88 
Slippery elm 12.87 4.73 15.38 32.98 
Green ash 8.56 3.17 15.38 27.11 
Box elder 8.04 1. 66 15.38 25.08 
Mul berry 11.80 1. 94 7.69 21. 43 
Eastern red cedar 10.73 3.04 3.85 17.62 
Peach-leaved wi 11 ow 4.29 1. 82 7.69 13.80 
Basswood 2.15 1. 10 3.85 7.10 
Total 100.00 100.00 100.00 300.00 
elm, box elder, and green ash were usually subdominants. Cottonwood 
was present in most of the Segment 1 sample sites as 20 - 70 em DBH 
trees. Slippery elm, box elder, and green ash, although subdominant, 
were usually present as mature trees. In Segments 2 and 3, however, 
cottonwood was generally the only mature tree present. Slippery elm, 
green ash, and box elder were usually recorded in young age 
classes (0 - 10 em DBH); indicating a successional trend toward the 
vegetation recorded in Segment 1. 
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Although red-osier dogwood was the most important shrub in 
cottonwood-dogwood habitat, nine shrub species were recorded (Table 9). 
False-indigo, sandbar willow, and peach-leaved willow were found in 
young cottonwood-dogwood sites where dogwood occurred at low 
densities. Black raspberry, smooth sumac, and wild rose typically 
became established where the forest canopy allowed more light to reach 
the shrub layer. Gooseberry and tatarian honeysuckle, along with 
dogwood, were present in the advanced successional stages found in 
Segment l. 
More tree species were found in the elm-oak habitat (Fig. 6) 
than in any of the others, and the importance values were more equally 
distributed (Table 10). Five species had importance values greater 
than 30: slippery elm, bur oak, box elder, eastern red cedar, and 
green ash; while only cottonwood and slippery elm had importance 
values greater than 30 in cottonwood-dogwood habitat. 
Five shrub species were recorded in the elm-oak habitat type 
(Table 11). Gooseberry, red-osier dogwood, and tatarian honeysuckle 
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Table 9. Quantitative characteristics of cottonwood-dogwood habitat 
understory in the study area. 
Relative Relative Importance 
Species Density Frequency Va 1 ue 
Red-osier dogwood 86.34 56.15 142.49 
Wild rose 9.21 22.81 32.02 
Black raspberry 1. 94 5.26 7.20 
Gooseberry 1. 00 3.51 4.51 
False-indigo 0.56 3.51 4.07 
Tatarian honeysuckle '0.38 3.51 3.89 
Sandbar willow 0.19 1. 75 1. 94 
Smooth sumac 0.19 1. 75 1. 94 
Peach-leaved willow 0.19 1. 75 1. 94 
Total 100.00 100.00 200.00 
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Figure 6. ~YDical el~-oak habita~ along the 
~lissO;jri River near ~~askell, Nebras~a. 
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Table 10. Quantitative characteristics of elm-oak habitat overstory 
in the study area. 
Relative Relative Relative Importance 
Species Density Dominance Frequency Va 1 ue 
Slippery elm 27.80 19.72 22.72 70.24 
Bur oak 11.28 23.90 18.18 53.36 
Box elder 19.86 20.73 4.55 45.14 
Eastern red cedar 23.47 10.47 4.55 38.49 
Green ash 7.67 7.39 18.18 33.24 
Basswood 3'.61 11. 41 0.09 24.11 
Kentucky coffeetree 1. 80 3.85 9.09 14.74 
Honey locust 2.71 1. 35 9.09 13.15 
Black walnut 1. 80 1.18 4.55 7.53 
Total 100.00 100.00 100.00 300.00 
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Table 11. Quantitative characteristics of elm-oak habitat understory 
in the study area. 
Relative Relative Importance 
Species Density Frequency Va 1 ue 
Missouri gooseberry 66.35 51. 61 117.96 
Red-osier dogwood 20.38 22.58 42.96 
Tatarian honeysuckle 11. 85 19.35 31. 20 
Smooth sumac 0.95 3.23 4.13 
Black raspberry 0.47 3.23 3.70 
Total 100.00 100.00 200.00 
were the most common species present. Smooth sumac and black 
raspberry occurred in disturbed areas. 
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Vines were common in cottonwood-dogwood and elm-oak habitat 
(Table 12). Virginia creeper, riverbank grape, and poison ivy formed 
a dense ground cover, often 1 m high, in the cottonwood-dogwood sites. 
These species were also common as arboreal lianas. Vines were limited 
to arboreal forms in elm-oak habitat; greenbriar, Virginia creeper, 
and riverbank grape were the most common species. 
I believe that elm-oak habitat would support many more shrub 
species, ground covering vines, and other vegetation without heavy 
grazing. Elm-oak habitat was grazed by cattle because it existed on 
steep topography covered with thin soils not conducive to clearing 
and CUltivating. In addition to the reduction of shrub density and 
diversity, grazing by cattle removed most of the ground cover, leaving 
only a thin to moderate layer of leaves. Dambach (1944) reported 
that seedlings, shrubs, and herbaceous vegetation in woodlots were 
removed by grazing within one season. I found a lack of extensive 
understory in elm-oak habitat; some early seedlings were present but 
no saplings or younger trees. 
Composition of elm-oak habitat was similar to the xeric climax 
community along the channelized Missouri River south of Sioux City, 
Iowa. Vaubel and Hoffman (1975) found this community dominated by 
bur oak and shagbark hickory, with slippery elm and basswood as other 
important tree species. They found that gooseberry formed a shrub 
union with wolfberry, which I did not find in my study area. Virginia 
Table 12. Frequency of vines in eight sample sites of cottonwood-
dogwood and five sample sites of elm-oak habitats. 
Species Cottonwood-dogwood Elm-oak 
Bittersweet 12.5 0.0 
Greenbriar 12.5 60.0 
Moonseed 0.0 20.0 
Poison ivy 87.5 0.0 
Ri verbank grape 87.5 40.0 
Virginia creeper 100.0 60.0 
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creeper was a common vine and poison ivy was absent (Vaubel and Hoffman 
1975); both of these conditions also existed in the elm-oak habitat. 
A phenogram (Fig. 7) depicts the relationships within and between 
habitat type groups. Most of the sampling sites within one habitat 
type are clustered (sand dune, cottonwood-dogwood, arId elm-oak), and 
the proximity of one cluster to another represents a successional 
relationship. 
Sand dune sites were identical (Ro = 1.00), and were most similar 
in vegetative composition to three of the cottonwood-willow habitats. 
The species composition of cottonwood-willow sites is successionally 
intermediate between the less complex sand dune habitat and 
cottonwood-dogwood habitat. Two cottonwood-willow sites with red-osier 
dogwood present clustered nearer to the cottonwood-dogwood cluster 
than to the sand dune/cottonwood-willow cluster. Since the dominant 
tree in both clusters was cottonwood, computer discrimination between 
them was based on shrub species composition. 
The lowest overlap occurred between the elm-oak stands and the 
remaining sampling sites. This low overlap was a result of the 
absence of cottonwood on elm-oak sites. The elm-oak sites exhibited 
lower overlap values within their habitat cluster than the other 
clusters. Sites in the other clusters were dominated by cottonwood, 
while sites in the elm-oak cluster had more diversity in both species 
and sizes of trees. 
Vegetation along the unchannelized Missouri River is composed of 
a successional gradient from cattail marsh to a climax dominated by 
\~ 20(1 (I JOn o 4flO 0.')00 0600 0700 0.600 0.900 0950 1.000 
_
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, 
14 
E 
16 (120) 
6 (120) 
1 (120) 
7 (321) 
9 (321) 
16 (321) 
17(3211 
6 (]21) 
2 (322) 
3 (322) 
12 (322) 
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Figure 7. Phenogram of cluster analysis using tree basal areas and shrub densities from 
21 sampling sites. The· habitat type code of each site is: 120 - Sand Dune, 321 - Cottonwood-
willow, 322 - Cottonwood-dogwood, 330 - Elm-oak. 
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slippery elm and bur oak. Although the five habitats examined may 
have stages intermediate to them, these were quantitatively separable 
and visually detectable on aerial photographs. For these reasons, they 
were felt to be suitable for use in this study. 
Habitat Type Evaluation 
The following section will be devoted to discussions of the 
requirements of each of the faunal groups as found in the literature 
and collections/observations on use of each habitat; these will then 
be discussed in their relation to habitat evaluation of each faunal 
group. Each habitat provided the necessary requirements of food, 
shelter, and water for a faunal group in varying degrees (Table 13). 
The values of each habitat type to all faunal groups are separated 
into average values for Segments 1, 2, and 3 in Appendix I. 
Although sand bar habitat was not sampled because it was subject 
to changes caused by the river, it was important in providing feeding 
sites for breeding and migrating shorebirds and resting sites for 
migrating waterfowl. Killdeer, upland sandpipers, and spotted 
sandpipers were probable summer breeders that searched for invertebrates 
on mudflats and sandbars. Aerial censuses flown by the South Dakota 
Department of Game, Fish and Parks (letter dated 21 January 1977 from 
John W. Koerner, U. S. Fish and Wildlife Service, South Dakota-Nebraska 
Area Office, Pierre, South Dakota) indicated use of the river between 
Fort Randall Dam and Sioux City by migrating waterfowl (Table 14). 
Waterfowl utilized the sandbars in the river as loafing areas, and 
Table 13. Wildlife habitat unit values for five habitat types identified on the study area. 
Habitat Type 
Sand Cattail Cottonwood- Cottonwood- E1m-
Faunal Groups dune marsh wi 11 ow dogwood oak 
Big game animals 4.7 3.5 8.4 8.0 7.2 
Upland game mammals 3. 3 NA 5.6 7.3 7.2 
Furbearers 3.7 8.5 6.4 7. 1 5.8 
Small maTllllals 3.9 NA 5.2 7.4 3.9 
Upland game birds 3.7 NA 7.8 7.7 6.4 
~/a terfowl NA 8.0 2.0 NA NA 
Other water and marsh birds NA 8.0 5.0 NA NA 
Terrestrial birds 5.7 NA 6.0 7.9 5,3 
Reptiles and amphibians 5.7 8.5 6.8 4.3 3.6 
Table 14. Average waterfowl censuses of weekly Missouri River aerial surveys flown between Fort 
Randall Dam, South Dakota, and Sioux City, Iowa, from mid-October to 1 December. The river segment 
between Fort Randall Dam and Gavins Point Dam includes Lewis and Clark Lakea. 
Geese Ducks 
1973b 1974c 1975d 1976c 1973b 197{ d c River Segment 1975 1976 
Fort Randa 11 Dam to 
Gavins Point Dam 225 70 5 680 40,000 54,600 44,070 73,350 
Gavins Point Dam to 
Sioux City, Iowa 8 25 270 5 180 220 390 595 
Total 228 95 275 685 40,180 54,820 44,460 73,945 
aLetter dated 21 January 1977 from John W. Koerner, U. S. Fish and Wildlife Service, South Dakota-
Nebraska Area Office, Pierre, South Dakota. 
bBased on six censuses. 
cBased on eight censuses. 
dBased on seven censuses. 
were a source of hunter recreation. The loss of sand bars would mean 
a loss of resting areas for ducks and geese. 
Sand Dune Habitat.--White-tailed deer and m'ule deer probably used 
sand dune habitat for feeding. Mule deer occurred along the river, 
particularly in Segment 1 on the Nebraska side. Willows were 
abundant in sand dune habitat, and have been reported as a moderately 
important food source for deer (Martin et al. 1961). Kohn and Mooty 
(1971) stated that the most important factor determining deer use of 
an area during the summer was the availability of preferred food 
species. The general lack of ground cover probably precluded the use 
of sand dunes for bedding sites or as winter cover. Tracks were 
recorded in one of the three sampling sites, indicating that these 
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areas were used in the summer. Sand dune habitat was given a fair (4.7) 
rating for big game. 
Fox squirrels and eastern cottontails were upland game mammals 
on the study area. Only young cottonwood trees occurred on sand dune 
habitat and no mast or nesting cavities were present. In addition, 
the lack of leaf nests indicated that this habitat was not used by 
fox sq~irrels. Hibbard (1972) reported squirrels absent or rare in 
young to medium-aged cottonwood forests along the rlissouri River in 
North Dakota. 
Food and cover were scarce for cottontails. Alfalfa, used to some 
extent as food by cottontails (Martin et al. 1961), was present in 
patches. These localized areas of alfalfa may also have provided cover 
during the summer months; but not during the winter. The value of 
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sand dune habitat for upland game mammals was fair (3.3). 
Furbearers using this habitat probably included coyotes, red foxes, 
gray foxes, and opossums. I recorded coyote and fox tracks at one 
site. These species probably used the areas for feeding purposes. 
Food of coyotes and foxes in the Midwest consists of rabbits and small 
rodents (Fichter et al., 1955, Gier 1957, Korschgen 1957), both of which 
were present in sand dune habitat. The soft sand characteristically 
found in this habitat type, however, would not be conducive to den 
construction (Gier 1957, Storm et al. 1976). Opossums are omnivorous 
and opportunistic (Reynolds 1945, Martin et al. 1961), but primarily 
feed on invertebrates and carrion. 80th of these foods could be found 
in sand dune habitat, but only in limited amounts. Sand dunes were 
considered fair (3.7) habitat for furbearers. 
Sand dune habitat was fair (3.9) for small marrmals. A.lthough 
captures per 100 trap-nights were high (Table 15), they did not reflect 
the overall habitat quality. Trapping grids in the three sampling 
sites were placed so that both bare sand and patches of alfalfa were 
sampled. These patches of alfalfa consisted of vegetation 0.5 m to 
1.0 m high forming localized areas of complete ground cover which 
apparently provided good conditions for mouse populations. Much of 
the sand dune habitat was not covered with alfalfa, however, so the 
expected value of each sand dune site was decreased by one-half. 
Sand dunes were of fair (3.7) value to upland game birds 
(ring-necked pheasants and mourning doves). Cultivated grains are the 
most important food source of the pheasant, with corn comprising the 
Table 15. Small mammal captures per 100 trap-nights (TN) and habitat 
values for 21 sampling sites. 
Habitat Type Number of Sites Captures/100 TN Habitat Value 
Sand dune 3 11.62 3.5 
10.87 3.5 
18.06 4.7 
Cottonwood-willow 5 3.70 3.0 
5.56 5.0 
4.17 4.0 
15.28 8.0 
7.48 6.0 
Cottonwood-dogwood 8 11. 62 7.0 
14.81 7.5 
26.39 10.0 
25.00 10.0 
8.57 6.5 
5.71 5.0 
5.56 5.0 
15.28 8.0 
Elm-oak 5 6.28 5.5 
1. 85 2.0 
4.33 4.0 
2.31 2.0 
6.94 6.0 
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bulk of their diet (Korschgen 1964, Gates and Hale 1974). Wheat or 
oats may also be important in the seasonal diet of pheasants. Because 
natural foods playa minor role in the pheasant diet where cultivated 
grains are present, none of the habitat types were considered a 
valuable source of food. Nesting by pheasants is often extensive in 
alfalfa (Trautman 1960, Baxter and Wolf 1973), but the small patches 
found in sand dune habitat were not suitable for nesting. The sand 
dune habitat did not provide quality winter cover. Pheasant tracks 
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were recorded in these areas, however, and probably resulted from use of 
the areas to obtain grit. 
Mourning doves received little food value from sand dune habitat, 
because there were few grasse~ or forbs to provide a seed source. Doves 
have been reported to avoid nesting in cottonwoods because their open 
canopy exposed suitable forks to wind and rain (Boldt and Hendrickson 
1952, LaPointe 1958). Mourning doves observed using these areas may 
also have been ingesting grit. 
Bird species diversity values in homogenous riparian cottonwood 
sites in Arizona ranged from 2.53 to 2.98 (Carothers et al. 1974). 
Reanalysis of avian data reported by Walcheck (1970) for riparian 
cottonwood woodland in Montana yielded a BSD value of 3.01. The highest 
BSD calculated for similar habitat in my study (cottonwood-dogwood) was 
2.47, which was lower than those reported in Arizona and Montana. The 
habitat value of this site was determined to be 8.5, and all other 
sites on the study area were compared to it (Table 16). 
Sand dunes were considered good (5.7) habitat for terrestrial 
Habitat Type 
Sana cune 
Cottonwood-willow 
Cottonwood-dog"ood 
Elm-oak 
8sa 
2.22 
1.39 
2.13 
1.71 
2.05 
2.17 
2.31 
2.23 
2.39 
2.41 
1. 63 
1. 93 
2.23 
2.07 
2.32 
2.47 
1.82 
2.38 
2.30 
1.73 
J. J9 
Number- of 
Species/Sited 
15(2 ) 
g'q 
15(~) 
12(4) 
22(~) 
25(4) 
18 (~) 
21{ 4) 
15(2) 
16(2) 
13( 3) 
18 (~) 
17 (3) 
13 (4 ) 
19 i 2) 
15(3 ) 
18: ~) 
rtumt:ler of ..... 
Biros/Site"" 
19.GO(2) 
9.25(4) 
18.25(4) 
22.:5(4) 
19.25(4) 
38.CJ(2) 
34.00(2) 
14.00(3) 
22.:0(2) 
23.';O(~) 
22.5J(~) 
25.20(3) 
31. 5C(2) 
17.3J(J) 
11.75(4) 
lE.50(~) 
dTota1 numoer of specles recor~ed for e~cn Sd~~ilng 51te. 
Habitat 
'Ia j!.le 
7.0 
::.c 
5.u 
3.0 
6.0 
6.0 
8.0 
7.0 
8.5 
8.5 
4.0 
5.0 
7.0 
5.0 
7.5 
8.5 
3.0 
8.0 
7.5 
3.0 
4.0 
bAver-age nt.;r.:::er of birds observed USlr.r; each sarnoi ing site. The number 
of censuses usea to record t~ese values 15 1n parentheses. 
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birds. Bird species diversity values ranged from 1.39 to 2.33 
(Table 16). Cottonwoods and dense willow thickets provided nesting 
locations, but plant districution on the bare sand was patchy. This 
patchiness resulted in areas of bare sand interspersed with sparsely 
foliated, poor quality nesting/foraging habitat and good quality 
habitat. 
Cottonwood dominated habitat downstream from Fort Randall Dam 
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and Gavins Point Dam has been reported as an important wintering area 
for northern bald eagles (Grewe 1966, Steenhof 1976). The eagles were 
attracted by large cottonwoods, an abundant food supply, and open water 
throughout the winter. Steenhof (1976) emphasized the importance of 
large cottonwood trees as roosting sites, even though these trees 
constituted a lower proportion of the floodplain vegetation below 
Fort Randall Dam than other species. Large diameter cottonwood trees 
were present in sand dune areas, so the value of this habitat to 
terrestrial birds was increased by 1.0 point. 
Sand-dwelling herptiles such as the great plains toad and eastern 
hognose snake were collected or observed in two of the three sand dune 
sample sites. Tracks of these species were abundant. Since the toads 
feed on insects and hognose snakes feed on toads, all the necessary 
life requirements were present. The lack of diversity among reptiles 
and amphibians prevented a higher rating than 5.7. 
Cattail Marsh Habitat.--Cattail marshes were considered of fair 
(3.5) value to white-tailed deer because they provided winter cover. 
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Deer tracks were observed on a sandy bank at one site during the summer, 
which may indicate other than winter use. 
Cattail marsh habitat was excellent (8.5) for two aquatic 
furbearers: muskrats and minks. Marshes consisted of dense cattail 
stands with open waterways probably created by muskrats, which use 
cattails for food and lOdge-building (Weller and Spatcher 1965). Annual 
spring flooding of cattail areas provides ideal breeding conditions, 
litter survival, and juvenile dispersal each year. Muskrat lodges were 
observed in both sampling sites, and food caches and tracks were 
observed. 
Korschgen (1958) reported that frogs, fish, white-footed mice, 
deer mice, and rabbits were the major prey species of mink in Missouri. 
Errington (1954) reported that mink usually preyed upon frogs and 
crayfish, but muskrats became more important under conditions of 
drought or overpopulation. All of these prey items were present in 
marshes, making this habitat suitable for mink. 
Waterfowl used marshes (8.0 habitat value) during the summer for 
breeding and during spring and fall for resting areas. Probably 
because of the lack of adequate aquatic vegetation other than cattail, 
lesser scaup was the only breeding waterfowl observed. Lesser scaups 
feed primarily on aquatic invertebrates in diverse depths of water 
(Bellrose 1976). Cattail marshes became more important during the 
spring and fall when they were used as resting areas for migrating 
waterfowl. While verifying habitat types in spring 1976, I observed 
mallards, pintails, blue-winged teals, shovelers, American wigeons, 
there. Most of these species, however, were found in only one or two 
sample sites. For example, signs of ~uskrat, mink, and beaver were 
restricted to t\'J() sample sites. A small pond was located on one of 
these sites and an oxbow slough on the other; standing water did not 
occur on the other three sampling sites. Observations of activities 
of terrestrial furbearing species were scattered throughout the five 
sampl ing sites. 
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Den sites were probably available for terrestrial furbearers as the 
sandy soil was suitable for den construction. Fallen or hollow logs 
commonly used as den sites by raccoons (Gysel 1961) were not available. 
Food was probably the limiting factor for coyotes, skunks, and raccoons. 
Small mammals and cottontails constitute the primary food of coyotes 
(Korschgen 1957), but were not present in high numbers. The major food 
sources of raccoons in eastern Iowa were corn, berries, and insects 
(Giles 1940). Corn and berries were not available in this habitat, 
and insects could not be expected to comprise their entire diet. 
Cottonwood-willow was considered good (5.2) habitat for small 
mammals. Captures per 100 trap-nights varied from 4.17 to 15.28, 
resulting in a range of habitat values from 3.0 to 8.0 (Table 15). 
The lowest value occurred in a dense stand of willows with no litter 
but a dense stand of horsetails. Dead cattails on three sides of the 
'wi llow stand indicated that the nearby area had probably been flooded 
during the previous year, preventing small mannal dispersal into the 
sampling area. The highest value occurred in a moderately dense 
stand of cottonwoods with few willows but a dense ground cover of 
I 
horsetails. The variation in captures per 100 trap-nights probably 
resulted from the differences in microhabitat on the sampling sites 
and the difficulty in locating similar ground vegetation throughout 
the study area in,w~ich to place the trapping grids. 
Cottonwood-willow habitat was good (7.8) for upland game birds. 
Pheasants and mourning doves were seen or heard on all five sampling 
sites. In Wisconsin, shrub-carr habitat was important to pheasants 
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in all seasons (Gates and Hale 1974). Shrub-carr habitat, quite 
similar to the cottonwood-willow of this study, was composed of willow 
and/or dogwood, sedges, bluejoint grass, and mixed lowland forbs 
(Gates 1970). The shrubby vegetation was important as winter loafing 
cover and, to a lesser extent; as roosting cover, especially when snow 
depths exceeded 30 cm. Open areas of cottonwood-willow habitat were 
also important in the establishment of spring crowing areas. Gates 
(1971, cited by Gates and Hale 1974), reported that 63 percent of all 
brood production occurred in wetlands, although the broods generally 
moved to uplands for rearing. 
Mourning doves utilized the cottonwood-willow habitat. Walcheck 
(197C) found that mourning doves nesting in cottonwood forests utilized 
a variety of plant life forms along the Missouri River in Montana. 
The cottonwoods in cottonwood-willow habitat visually appeared taller 
and more densely foliated than those in sand dune habitat, and were 
probably utilized for nesting by doves. Because of its value to 
mourning doves as nesting habitat and its probable value to pheasants 
all year, cottonwood-willow habitat was considered good (7.8) habitat 
for upland game birds. 
Wood ducks used a pond located on one cottonwood-willow site for 
feeding, and one brood of blue-winged teal was observed on another. 
Cottonwood-willow habitat was considered to be of poor (2.0) value to 
waterfowl since these were the only observations of them. 
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Cottonwood-willow habitat was of fair (5.0) value to other water 
and marsh birds because it was generally too dry to provide suitable 
habitat for any species except those which nest in trees, such as 
red-winged blackbirds, ye1lowthroats, and herons. Yellowthroats 
probably found all of their life requirements in this habitat. Their 
diet is composed largely of insects and their territories were 
established in willow thickets. Red-winged blackbirds probably nested 
in this habitat but gathered food elsewhere. Their major foods are 
corn, oats, and foxtail (Martin et a1. 1961). Similarly, great blue 
herons probably used the area for nesting; their fish diet would 
require use of shallow-water areas along the river for feeding. 
Northern green herons and black-crowned night herons were not 
observed, but probably utilized cottonwood-willow habitat. 
Cottonwood-willow was good (6.0) quality habitat for terrestrial 
birds. Bird species diversity was fairly consistant, and habitat 
values for all but one site were between 6.0 and 8.0 (Table 16). The 
one exception (3.0) was located in a site where BSD was low. This area 
consisted of a dense stand of willows and an open field. Few 
cottonwoods were in the area to provide nesting sites. Thirty-seven 
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species nesting and feeding in the many microhabitats found in 
cottonwood-willow communities included waterfowl, marsh birds, ground 
nesters, shrub nesters, and tree nesters. A higher rating than 6.0 was 
not given because densities and frequencies of many species were low. 
Cottonwood-willow habitat was good (6.8) for herptiles, 
especially in moist areas. Five leopard (meadow) frogs were observed 
and cricket frogs were too numerous to count. Snapping turtles, 
great plains toads, American toads, and a red-sided garter snake were 
also observed in this habitat. Only a few individuals of the last four 
species were observed, and each species was recorded at only one site. 
Under wetter conditions, this habitat would probably have been of more 
value to herptiles (Fishbeck ~959); however, the present drought left 
much of this habitat too dry for many species. 
Cottonwood-dogwood Habitat.--Cottonwood-dogwood was considered 
excellent (8.0) habitat during summer and winter for white-tailed deer 
because of the abundance of red-osier dogwood as a source of food. 
Dogwoods of various species have been reported as important deer 
browse (Webb 1959, Martin et al. 1961). Although dense thickets were 
not usually present in this habitat, shrubs and trees provided 
shade during the summer and protection in the winter. Deer and their 
tracks were not readily seen because of the density of vegetation and 
ground cover; however, a total of six deer was observed in two of 
the eight sites sampled. Hibbard (1972) found similar habitat used 
heavily by deer in North Dakota along the Missouri River. 
.  
Cottonwood-dogwood was the most important habitat to upland game 
mammals. Although squirrel habitat was poor in Segments 2 and 3, the 
sites below Fort Randall Dam were excellent. Mature elm trees killed 
by Dutch elm disease provided suitable locations for dens. Buds and 
seeds of elm have been recorded as a staple food in Illinois (Brown 
and Yeager 1945), and were probably an important food source in 
Segment 1. 
Cottontails were abundant in cottonwood-dogwood habitat; a total 
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of twelve was observed on four of the eight sampling sites. Vines 
provided excellent cover when foliage was present, and thickets of 
gooseberry and young honey locust provided winter protection from 
predators. Cottontails probably fed on legumes and forbs in open areas 
where the forest had been disturbed and consumed dogwood bark and 
young twigs during the winter. Because of the heavy use of this 
habitat by cottontails and the apparent value of Segment 1 sample sites 
for fox squirrels, it was considered good (7.3) for upland game mammals. 
Cottonwood-dogwood habitat was thought to be valuable to red 
foxes, gray foxes, coyotes, raccoons, and opossums. Den sites for 
red foxes (Storm et al. 1976) and coyotes (Gier 1957) have been 
recorded in forests or brush covered areas, so the vegetation of 
cottonwood-dogwood habitat probably provided suitable denning locations. 
Cottontails, mice, and rats were abundant in this habitat type and 
provided a prey base for coyotes, red foxes, and gray foxes. The 
presence of canids was evident as captured mice were frequently 
mutilated and traps were often removed from the trapping stations. 
• 
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Hibbard (1972) reported that coyotes and foxes used all areas for 
feeding in cottonwood habitat in North Dakota. 
Raccoons and opossums probably found den trees in cottonwood-
dogwood stands of Segment 1, where older cottonwoods and diseased elms 
were subject to decay. Younger cottonwood-dogwood stands did not 
provide these sites. Berries and insects were food sources for 
raccoons. Although tracks were not readily apparent because of ground 
cover, I did record one opossum track. Hibbard (1972) reported that 
raccoons used mature cottonwood-elm sites in North Dakota, but the 
opossum is not found that far north (Hall and Kelson 1959). Cottonwood-
dogwood habitat was good (7.1) for furbearers, and would have been 
rated higher if the sites in ~egments 2 and 3 had been suitable for 
raccoon and opossum dens. 
Cottonwood-dogwood was considered the best small mammal habitat 
in the study area. Captures per 100 trap-nights were above 10.0 in 
five of eight sampling sites, and were 25.0 or greater in two (Table 15). 
These areas had a good ground cover of either heavy leaf litter 
(Segment 1) or ground vines (Segments 2 and 3) providing important 
cover from predators. Two of the three sites with fewer captures were 
younger cottonwood stands with a sparse ground cover and less leaf 
litter than the other sites. Small mammal populations were larger in 
older cottonwood stands than younger ones, but overall this habitat 
was good (7.4) for small mammals. 
Cottonwood-dogwood habitat was considered good (7.7) for upland 
game birds. Ring-necked pheasants use woodlots infrequently when 
shrubby cover is available (Gates and Hale 1974), but I heard cocks 
crowing on two of the eight sampling sites. Bobwhite quail were also 
heard at two sites in Segment 1 where groups of dead elll1 trees opened 
the forest canopy allowing small clearings to occur. These clearings 
offered cover for bobwhite nests, which are usually built 011 the 
ground in moderate grassy cover (Rosene 1969). Legume seeds, which 
form a major portion of the diet, were also present in the clearings. 
Cottonwood-dogwood was of most value to mourning doves. Riparian 
cottonwood forests in Montana (Walcheck 1970), North Dakota (Hibbard 
1972), and Kansas (Zimmerman and Tatschl 1975) are important nesting 
areas for mourning doves. In this study, doves were observed nesting 
or feeding in all sampling sit"es of the cottonwood-dogwood habitat 
type. I rated cottonwood-dogwood habitats as good (7.7) upland game 
bird habitat. 
Cottonwood-dogwood was good (7.9) habitat for terrestrial birds. 
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Although BSD and habitat values varied (Table 16), most of the sites 
were good or excellent. Fewer species (34) were recorded here than in 
cottonwood-willow habitat, reflecting the more uniform vegetation. 
Lower habitat values were assigned to sites having younger-a~ed 
cottonwood stands, in which ground cover in the form of vines was 
sparse and shrub density was low. Highest habitat values (2.5) were 
recorded on three cottonwood-dogwood sites. Two of these were in older 
cottonwood-dogwood stands in Segment 1, where mature elm and green ash 
formed an additional vegetation layer below the tallest layer of 
mature cottonwoods and above the shrub layer. The third site, with 
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the highest BSD value, average number of birds, and species recorded, 
had a fourth layer of vegetation consisting of mulberry trees, the 
fruits of which are an important source of early surrrner foods to birds 
(Martin et al. 1961). Like sand dune habitat, the value of 7.9 included 
1.0 point ref1ecting the ilnportance of large cottonwood trees to 
wintering bald eagles as roosting trees. 
Cottonwood-dogwood" habitat was too dry for amphibians, and many 
of the sites provided little cover for reptiles. Only one species was 
located, a prairie rattlesnake. Other species of snakes probably lived 
in the vines and leaf litter, but logs and rock piles commonly used for 
shelter were not abundant. This habitat type was rated fair (4.3) in 
value to herptiles. 
Elm-oak Habitat.--Elm-oak habitat was of good (7.2) value for 
white-tailed deer. Although grazing reduced understory and ground 
cover (Table 11, Fig. 7), red-osier dogwood was present as deer food, 
as were leaves and mast from bur oak. Oak mast has been reported as 
an important fall and winter deer food (Christisen and Korschgen 1955, 
Martin et al. 1961). Al though grazing reduced the amount 0" shrubs 
available for bedding sites and winter cover, the steeper portions 
were fenced from livestock and these brushy areas were used by deer. 
A total of ten deer was observed in or near three of the five elm-oak 
sampling sites; visibility was high because of the reduced understory 
density. 
Upland game marrmals occurred in elm-oak communities, which were 
rated as good (7.2) habitat. Fox squirrels probably found this 
habitat type more valuable than any other habitat. Most of ttlC 
sampling sites contained large diameter oaks or elms, which are 
important for denning (Brown and Yeager 1945). Bur oak is a preferred 
acorn forage of fox squirrels (Smith and Follmer 1972). A total of 
seven fox squirrels was seen in two tif five elm-oak sampl ing sites. 
Cottontails consumed the bark and twigs ot dogwood busfles during 
the winter and remained near ungrazed cleal'ings for surrrner feedi n~jS allc; 
nesting. Gooseberry thickets provided protective winter and summer' 
cover. A total of seven cottontails was flushea from these !hicke~s 
on three sampling sites. 
Elm-oak habitat was of good (5.8) value for terrestrial furbearers. 
clones (1964) reported bobcats .in forested areas along the 
Missouri River in northern Nebraska, and Korschgen (1957) reported the;;: 
in heavy forest cover with thick underbrush, clearings, and rocky 
cliffs. Fencec areas on steep bluffs provided these conditions for the 
bobcat in elm-oak habitat. In Missouri, the primary foods of the 
bobcat were rabbit, fox squirrel, deer, and wild turkey (Korschge~ j~5-,. 
These species probably existed in adequate numbers on my study area to 
sustain a bobcat population. 
Denning requirements for faxes, raccoons, coyotes, and opossums 
were probably present in this habitat, and coyotes (Gier 1957). raccoons 
(Giles 1942), and bobcats (McCord 1974) have been reported as using 
steep, rocky bluffs as occurred here for denning. Grazing activities 
reduced the ground cover so sevel'ely that sIT,all J11ammal populations 
(mice) were low and nlost carnivores were provided poor quality hunting 
cover. If the prey base had been larger, this habitat would have been 
rated higher for terrestrial furbearers than it was. 
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Elm-oak was fair (3.9) quality habitat to small mammals. Captures 
per 100 trap-nights were lowest in this habitat (Table 15), and only 
white-footed mice were captured. Other studies have indicated that 
the density of small mammal populations is highest during late stages 
of vegetative succession (Wetzel 1958, Pearson 1959). This increase is 
attributed to several factors (Wetzel 1958): (1) drier soil providing 
better habitat for burrowing and tunnelling, (2) an increase in litter 
for potential home sites, and (3) an increase in plant and invertebrate 
food as plant species diversify. Only the first two factors were met 
on elm-oak sites in this study'. The last factor was disrupted by 
cattle grazing which reduced shrub denSity and herbaceous cover. Thus, 
the presence of a seed source for granivores, such as white-footed 
mice, was reduced. Short-tailed shrews were absent from elm-oak 
habitat because of the lack of invertebrates as a food source. Dambach 
(1944) found a decrease in soil/litter invertebrates from 5.7 million/ha 
in an ungrazed woodlot to 2.0 million/ha in a heavily grazed woodlot. 
He attributed this decrease to a reduction in leaf litter, a reduction 
in low growing green plants, and the instability of the litter, which 
was more likely to be blown away by the wind with no vegetative cover. 
Upland game birds using elm-oak habitats were mourning doves and 
wild t~rkeys. Although some mourning doves nested in this habitat, 
they were not as numerous nor as frequently observed as in either of 
the cottonwood dominated habitats. lise of elm-oak habitat by doves 
was not influenced by the change in canopy composition, but the 
avai labil ity of food types. Most of the cottom'lOod habi tat v;JS Ofl lhe 
floodplain terrace near cultivated lands which provided a suurce of 
corn. The lack of cultivated lands adjacent to most of the elm-oak 
habitat forced these birds to rely on native grasses and forbs for 
seeds, which were in limited supply because of livestock grazing. 
This lack of food probably reduced the number of doves utilizing the 
area. 
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Eastern wild turkeys were present, but it was difficult to 
ascertain their abundance. Although several landowners reported 
turkeys on their property, only one was observed on five sampling sites. 
The staple diet of turkeys in. Missouri is acorns, followed closely by 
grass and sedge 1 eaves (Korschgen 1967). Both of these foods were 
present in elm-oak habitat. Grass and sedge leaves are utilizec 
primarily in the spring and summer seasons, and little competition 
with grazing livestock exists until July. Cover, described by 
Korschgen (1967) as thickets of conifers or dense clumps of grass, was 
not abundant in this habitat. The lack of cover was the result of 
livestock grazing, which caused the destruction of nests and nesting 
cover. The value of elm-oak habitat for mourning doves and the valiJc 
for turkeys resulted in a good (6.4) rating. 
Elm-oak habitat was fair (5.3) for terrestrial birds and had the 
lowest evaluation rating for that faunal group. Three of t~e five 
sampling sites had low BSD values and were rated below 4.0 (Table 16). 
Although these sites had a fairly complete canopy formed by the 
overstory, grazing removed most shrubs and ground cover. Dambach and 
Good (1940) reported that grazing reduced the number of ground and 
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shrub nesting species. The decrease in ground and shrub nesters on 
elm-oak sites resulted in lower BSD values. Habitat values and BSD 
values in the two other elm-oak sites were high (Table 16). These areas 
had a medium density shrub layer of gooseberry and young honey locust 
trees, which were thorny species apparently not palatable to livestock. 
The shrub layer formed by these plants provided additional nesting sites 
and foraging locations. Short, bushy eastern red cedar trees in elm-oak 
habitat below Fort Randall Dam are frequently used as bald eagle roosts 
during bad weather (Steenhof 1976), so 1.0 habitat evaluation pOint was 
added to the terrestrial bird~ rating in each elm-oak site located in 
Segment 1. 
Elm-oak habitat was fair (3.6) in value to herptiles. Like the 
cottonwood-dogwood habitat, this habitat was too dry to support life 
for amphibians. Only one reptile was recorded on five sampling sites, 
an eastern milk snake. The low rating was again the result of 
grazing, which reduced the number of small rodents used as food and the 
amount of protective cover. 
Cattail marsh had the highest mean base habitat value (7.8), 
followed by cottonwood-dogwood (7.0), cottonwood-willow (6.5), 
elm-oak (5.8), and sand dune (4.4) (Table 17). With the exception of 
sand dune habitat (22.7 percent), coefficients of variation were under 
13 percent (Table 17). The high coefficient of variation for sand 
dune habitat occurred because two of the sites exhibited much higher 
Table 17. Base habitat values and coefficients of variation for five 
habitat types in the study area. 
Mean Value Coeffi ci ent of 
Ha bita t Type + 1 S. D. Variation 
Catta i J marsh 7.8 + 1.0 12 . 8~, 
Cottonwood-dogwood 7.0 + 0.4 5. 7;~ 
Cottonwood-willow 6.5 + 0.7 10.8' 
Elm-oak 5.8 + 0.7 12. l' 
Sand dune 4.4 + 1.0 22. ?; 
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values (6.0 and 5.1) than the third (3.2). The third site occurred 
on an area much larger than the other two, and contained a greater 
proportion of bare sand which did not support vegetation suitable 
as cover or food for wildlife. 
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Total values for each habitat obtained by adding interspersion 
values to base habitat values are located on Table 18. Because 
interspersion values tended to be relatively constant for each habitat 
type, the order of importance each habitat contributed toward wildlife 
did not change and each type increased by approximately 1.0. 
Table 18. Calculation of total habitat values per acre for five 
habitats on the study area. 
Base Habitat Interspersion Total 
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Habitat Type Value Va 1 ue Habitat Value 
Ca t ta i1 rna rs h 7.8 1.1 8.9 
Cottonwood-dogwood 7.0 0.9 7.9 
Cottonwood-willow 6.5 1.0 7.5 
Elm-oak 5.8 0.9 6.7 
Sand dune 4.4 0.9 5.3 
CONCLUSIONS 
Eight habitats were identified, delineated, and measured within 
1 km of the unchannelized Missouri River between Fort Randall Dam, 
South Dakota, and Sioux City, Iowa. Sixty percent of the area 
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measured was occupied by agricultural or urban developments. The 
remaining area was composed of six habitat types: sand bar, sand dune, 
cattail marsh, cottonwood-willow, cottonwood-dogwood, and elm-oak. A 
wide variety of plant forms existed in these areas, providing suitable 
habitat for an equally wide variety of wildlife species. 
Sand bars are important resting areas for migrating waterfowl. 
They also provide feeding locations for breeding shorebirds such as 
killdeer, upland sandpipers, and spotted sandpipers. 
Sand dune habitat was vegetated with eastern cottonwood and 
willows, but the bare sand substrate provided generally poor wildlife 
habitat. Terrestrial birds made moderate use of the tree/shrub 
vegetation, and sand-dwelling herptiles such as hognose snakes and 
great plains toads were often numerous. 
Cattail marshes were dominated by narrow-leaved cattail growing 
in shallow, slow-moving water. This habitat was excellent for aquatic 
furbearers such as muskrat and mink, providing both food and cover. 
Diving ducks such as the lesser scaup were probably the only breeding 
waterfowl using this habitat because of the lack of aquatic vegetation. 
Cattail marshes provided valuable resting cover for migrating mallards, 
pintails, blue-winged teals, and other waterfowl. Other water and 
marsh birds recorded using this habitat were great blue herons, 
red-winged blackbirds, yellow-headed blackbirds, common grackles, 
Forster's terns, and American coots. Turtles and frogs were abundant 
herptiles in this habitat. 
Cottonwood-willow was excellent habitat for big game, and 
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received much use by white-tailed deer. Upland game birds (ring-necked 
pheasants and mourning doves) were abundant; nesting cover was 
provided for both species and excellent winter cover was available 
for pheasants. The interspersion of trees, shrubs, forbs, grasses, 
and ponds provided suitable habitat for a wide variety 0" uses by the 
seven other faunal groups. Cottonwood-willow was the only habitat 
which was of value to all nine faunal groups studied. 
Cottonwood-dogwood habitat provided good to excellent habitat to 
all of the faunal groups found there except herptiles. Big gam~ 
(white-tailed deer and mule deer) fed on preferred foods (Ied-osi~r 
dogwood) and found adequate cover. Terrestrial birds were most ,lbundant 
and most diverse in cottonwood-dogwood habitat, where they found three 
to four layers of vegetation for nesting and feeding. 
Grazing reduced the value of elm-oak habitat to most forms of 
wildlife, but oak mast provided food for big game and fox squirrels, 
which were abundant upland game mammals. Elm-oak habitat was of 
low value to small mam~als and herptiles because of the extensive 
removal of ground cover by grazing. 
The six habitats along the unchannelized Missouri River were 
important to wildlife for two reasons. First, each habitat provided 
a set of life requirements to which certain faunal groups were adapted 
more than other habitats. This made each habitat optimal for 
different wildlife species. Second, the diversity of vegetational 
life forms which grew in the six habitats enabled a variety of 
faunal groups to exist. The loss of any of these habitats would 
result in the reduction or elimination of those species utilizing 
them. If future alterations of the river are made, they should be 
planned with a specific objective of maintaining areas of all six 
of these habitats to preserve the diversity of wildlife found there. 
67 
LITERATURE CITED 
Barstow, C. J. 1971. Impact of channelization on wetland habitat in 
the Obion-Forked deer basin, Tennessee. Trans. N. Am. Wildl. 
Nat. Resour. Conf. 36:362-376. 
Bauer, H. L. 1943. The statistical analysis of chaparral and other 
plant communities by means of transect samples. Ecoloyy 24(1): 
45-60. 
Baxter, W. L., and C. W. Wolfe. 
the ring-necked pheasant in 
Comm. 58pp. 
1973. Life history and ecology of 
nebraska. Nebraskd Game and Parks 
68 
Beer, J. R. 1964. Bait preferences of some small nlammals. J. r·:arrmal. 
45( 4): 632-634. 
Bellrose, F. C. 1976. Ducks, geese and swans of ~:or~n I\nierica. 
Stackpole Books, Harrisburg, Pa. 544pp. 
Boldt, W., and G. O. Hendrickson. 1952 .. f.1ourning dove production in 
North Dakota shelterbelts, 1950. J. Wildl. r~anage. 16',2):187-191. 
Bonnema, K. W. 
watershed 
Counties, 
Publ. 99. 
1972. Wildlife habitat losses in Ten :'jle Creek 
(judicial [itch 8), Lac Qui Parle and Ye11o\</ rledicine 
Minnesota. ~innesota Div. of Fish and Garne Spec. 
11 p p. 
, and M. S. Zschomler. 1974. Drainage, mitigatioll, and land 
--treatment in a PL 63-566 watershed. '..Jildl. Soc. BI111. 2(4):125· 
190. 
Brown, L. G., and L. [. Yeager. 1945. Fox squirrels and gray 
squirrels in rllinois. Bull. Illinois Nat. Hist. Sur·l. 23(5): 
449-536. 
Carothers, S. W., R. R. Johnson, and S. W. Aitchison. 1974. 
Population structure and social organization of southwestern 
riparian birdS. j!.,,:. Zool. 14:97-108. 
Choate, J. S. 1972. Effects of stream channel ing on wetlallds ill d 
Minnesota watershed. J. Wildl. Manage. 36(3):940-944. 
Christisen, D. ~1., and L. ,1. Korschgen. 1955. Acorn yields anci 
wi ldl ife usage in t1i ssouri. Trans. tL Am. Wi 1 dl. Conf. 
20:337-357. 
Dambach, C. A. 1944. A ten-year ecological study of adjoining grazed 
and ungrazed woodlands in northeastern Ohio. Ecol. Monogr. 
14(3):256-270. 
__ , and E. E. Good. 1940. 
practices on populations 
Ohio. J. Wildl. Manage. 
The effect of certain land use 
of breeding birds in southwestern 
4(1) ;63-76. 
Daniel, C., and R. Lamaire. 1974. Evaluating effects of water 
resource developments on wildlife habitat. Wildl. Soc. Bull. 
2(3): 114-118. 
Dusi, J. L. 1952. The food habits of several populations of 
cottontail rabbits in Ohio. J. Wildl. Manage. 16(2):180-186. 
Errington, P. L. 1954. The special responsiveness of minks to 
epizootics in muskrat populations. Ecol. Monogr. 24(4):377-393. 
Fichter, E., G. Schildman, and J. H. Sather. 1955. Some feeding 
patterns of coyotes in Nebraska. Ecol. Monogr. 25(1):1-37. 
69 
Fishbeck, D. W. 1959. The distribution of the amphibians and reptiles 
of southeastern South Dakota. M.A. Thesis. Univ. South Dakota. 
31pp. 
Flint, R. F. 1955. Pleistocene geology of eastern South Dakota. 
U. S. Geological Surv. Professional Paper 262. 
Funk, J. L., and J. W. Robinson. 1974. Changes in the channel of the 
lower Missouri River and effects on fish and wildlife. Missouri 
Dept. Conserv. Aquatic Ser. 11. 52pp. 
Gates, J. M. 1970. Recommendations for a scattered wetlands program 
of pheasant habitat preservation in southeast Wisconsin. 
Wisconsin Dept. Nat. Resour. Res. Rept. 63. 24pp. 
1971. The ecology of a Wisconsin pheasant population. Ph.D. 
Thesis. Univ. Wisconsin. 912pp. 
, and J. B. Hale. 1974. Seasonal movement, winter habitat use, 
------and population distribution of an east central Wisconsin pheasant 
population. Wisconsin Dept. Nat. Resour. Tech. Bull. 76. 55pp. 
Gier, H. T. 1957. Coyotes in Kansas. Kansas State Univ. Agric. Exp. 
Sta. Bull. 393. 97pp. 
Giles, L. W. 1940. Food habits of the raccoon in eastern Iowa. J. 
Wildl. r1anage. 4(4):375-382. 
70 
1942. Utilization of rock exposures for den and escape cover 
by raccoons. Am. Midl. Nat. 27(1):171:'176. 
Goke, A. W., and L. A. Brown. 1929. Soil survey of Dixon County, 
Nebraska. U. S. Dept. Agric. Bur. Chem. and Soils and Univ. 
Nebraska Conserv. and Surv. Div. 35pp. 
Grewe, A. H., Jr. 1966. Some aspects in the natural history of the 
bald eagle, Ha1iaeetus 1eucocepha1us, in Minnesota and South 
Dakota. Ph.D. Thesis. Univ. South Dakota. 72pp. 
Gysel, L. W. 1961. An ecological study of tree cavities and ground 
burrows in forest stands. J. Wi1d1. Manage. 25(1):12-20. 
Hall, E. R., and K. R. Kelson. 1959. The mammals of North America. 
Ronald Press Company, New York. Vol. 1. 546pp. 
Haugen, A. O. 1942. Life history studies of the cottontail rabbit 
in s.outhwestern ~lichigan. Am. Midl. Nat. 28(1):204-244. 
Hayes, F. A., E. A. Nieschmidt, L. A. Brown, B. J. Abashkin, R. L. 
Gemmell, R. H. Lova1d, and H. Otte. 1930. Soil survey of Knox 
County, Nebraska. U. S. Dept. Agric. Bur. Chern. and Soils and 
Univ. Nebraska Conserv. a'nd Surv. Div. 51pp. 
Heckel, M. C. 1963. An ecological study of a floodplain forest. ~1.A. 
Thesis. Univ. South Dakota. 22pp. 
Hibbard, E. A. 1972. Vertebrate ecology and zoogeography of the 
Missouri River valley in North Dakota. Ph.D. Thesis. North 
Dakota State Univ. 216pp. 
Horn, H. S. 1966. ~leasurement of "overlap" in comparative ecological 
studies. Am. Nat. 100(914) :419-424. 
Johnson, F. O. 1949. Plant succession on the ~lissouri River floodplain 
near Vermillion, South Dakota. M.A. Thesis. Univ. South Dakota. 
44pp. 
Jones, J. K., Jr. 1964. Distribution and taxonomy of the mammals of 
Nebraska. Univ. Kansas flus. Nat. Hist. Publ. 16(1):1-356. 
Karr, J. R. 1968. Habitat and avian diversity on strip-mined land in 
east-central Illinois. Condor 70(4):348-357. 
Kohn, B. E., and J. J. rlooty. 1971. Summer habitat of white-tailed 
deer in north-central Minnesota. J. Wildl. Manage. 35(3):476-487. 
Korschgen, L. J. 1957. Food habits of coyotes, foxes, house cats and 
bobcats in Missouri. Missouri Conserv. Comm. P-R Ser. 15. 64pp. 
71 
1958. December food habits of mink in r~issouri. J. Mammal. 
39( 4): 521-527. 
1964. Foods and nutrition of Missouri and midwestern pheasants. 
Trans. N .. Am. Wildl. Nat. Resour. Conf. 29:159-181. 
1967. Feeding habits and foods. Pages 137-198 in O. H. Hewitt, 
ed. The wil d turkey and its management. The Wi 1 dl ife Soc i ety, 
Washington, D.C. 589pp. 
Kricher, J. C. 1973. Summer bird species diversity in relation to 
secondary succession on the New Jersey Piedmont. Am. Midl. Nat. 
89(1): 121-137. 
KUchler, A. W. 1964. Potential natural vegetation of the conterminous 
United States. Am. Geographical Soc. Spec. Publ. 36. 116pp. 
LaPointe, D. F. 1958. Mourning dove production in a central Nebraska 
shelterbelt. J. Wildl. Manage. 22(4):439-440. 
Lawrey, J. D. 1973. The Missouri River floodplain plant communities 
from Yankton, South Dakota, to Rulo, Nebraka: Their successional 
and geographic relationships, and effects of river bank 
stabilization. ~1.A. Thesis. Univ. of South Dakota. 52pp. 
Lord, R. D., Jr. 1963. The cottontail rabbit in Illinois. Illinois 
Dept. Conserv. Tech. Bull. 3. 94pp. 
MacArthur, R. W., and J. W. MacArthur. 1961. On bird species 
diversity. Ecology 42(3):594-598. 
Martin, A. C., H. S. Zim, and A. L. Nelson. 1961. 
and plants: A guide to wildlife food habits. 
Inc., New York. 500pp. 
American wildlife 
Dover Publications, 
I<'lcCord, C. ~1. 1974. Selection of winter habitat bv bobcats (Lynx 
rufus) on the Quabbin Reservation, ~1assachuset·ts. J. ~1am~ 
55(2) :428-437. 
Missouri River Basin Inter-Agency Committee. 1971. The Missouri 
River basin comprehensive framework study. Vol. 1. U. S. 
Government Printing Office, Washington, D.C. 274pp. 
Moran, W. J., F. A. Hayes, and R. H. Lovald. 1933. Soil survey of 
Boyd County, Nebraska. U. S. Dept. Agric. Bur. Chern. and Soils 
and Univ. Nebrdska Conserv. and Surv. Div. 44pp. 
Pearson, P. G. 1959. Small mammals and old field succession on the 
Piedmont of New Jersey. Ecology 40(2):249-255. 
Reynolds, H. C. 1945. Some aspects of the life history and 
ecology of the opossum in central Missouri. ,J. Mammal. 
26(4):361-379. 
Roberts, R. C., A. W. Goke, F. A. Hayes, W. H. Buckhannan, P.. L. 
Gemmell, R. H. Lovald, and E. A. Nieschmidt. 1928. Soil survey 
of Cedar County, Nebraska. U. S. Dept. Agric. Bur. Che~. and 
Soils and Univ. Nebraska Conserv. and Surv. Div. 32pp. 
Rosene, W. 1969. The bobwhite quail: Its life and management. 
Rutgers Univ. Press, New Brunswick, N. J. 418pp. 
Shannon, C. E., and W. Weaver. 1949. The mathematical theory uf 
communication. Univ. Illinois Press, Urbana. 117pp. 
Shugart, H. H., Jr., and D. James. 1973. Ecological succession of 
breeding bird populations in northwestern Arkansas. Auk 
90 (1): 62-77. 
Slama, N. L., D. E. Kerl, and D. W. Dar~oude. 1976. Soil su"vey of 
Dakota County, Nebraska. U. S. Dept. Agric. Soil ConS~i'V. Servo 
and Univ. Nebraska Conserv. and Surv. Div. 91pp. 
Smith, C. C., and D. Follmer. 1972. Food preferences of squirrels. 
Ecology 53(1):82-91. 
Sneath, P. H. A., and R. R. Sokal. 1973. Nu~erical taxonomy: The 
principles and practices of numerical classification. W. fl. 
Freeman and Co., San Francisco, Cal if. S73pp. 
Spuhler, W., and W. F. Lytle. 1971. Climate of South Dakota. South 
Dakota Agric. Exp. Sta. Bull. 582. 30pp. 
Steel, R. G. D., and J. H. Torrie. 1960. Principles and orccedures 
of statistics. ~1cGraw-Hill Book Co., Inc., ::eI'! YQr'k. 481pp. 
Steenhof, K. 1976. The ecology of wintering bald eagles in 
72 
southeastern South Dakota. M.S. Thesis. liniv. t~issouri. 14;~>,;o. 
Storm, G. L., R. D. Andrews, R. L. Phillips, R. A. Bishop, D. 13. Siniff, 
and J. R. Tester. 1976. t10rphology, reproduction, disoersal, 
and mortality of midwestern red fox populations. Wildl. Monogr. 
49. 82pp. 
Trautman, C. G. 1960. Evaluation of pheasant nesting habitat in 
eastern South Dakota. Trans. rL Am. Wildl. rlat. Resour. Conf. 
25:202-213. 
73 
U. S. Army Corps of Engineers. 1960. Missouri River main stream 
reservoir system: Reservoir regulation manual. Master Manual. 
U. S. Army Co rps of Eng i neers. Omaha, Nebr. 152pp. 
U. S. Fish and Wildlife Ser'vice. 1976. Habita-c. evaluation procedures. 
Div. Ecoi. Servo 30pp. 
Vaubel, J. A., and G. R. Hoffman. 1975. A study of vegetation 
Van 
development in relation to age of river stabilization structures 
along a channelized segment of the Missouri River. Unpublished 
report submitted to the U. S. Army Corps of Engineers, Omaha, 
Nebraska. 78pp. 
Bruggen, T. 1961. An ecologic and taxonomic study of 
and flood plain area adjacent to the Missouri River. 
Dakota Acad. Sci. 40(26):132-141. 
a sand dune 
Proc. South 
Walcheck, K. C. 1970. Nesting bird ecology of four plant communities 
in the Missouri River Breaks, Montana. Wilson Bull. 82(4):370-
382. 
Weaver, J. E. 1960. Flood plain vegetation on the central Missouri 
valley and contacts of ",!oodland with prairie. Ecol. r10nogr. 
30( 1): 37-64. 
Webb, W. L. 
deer. 
1959. Summer browse preferences of Adirondack white-tailed 
J. Wildl. Manage. 23(4):455-457. 
Weller, M. W., and C. S. Spatcher. 1965. Role of habitat in the 
distribution and abundance of marsh birds. Iowa State Univ. 
Agric. and Econ. Exp. Sta. Spec. Rept. 43:341-370. 
Westin, F. C., L. F. Puhr, and G. J. Buntley. 1967. Soils of South 
Dakota. South Dakota State Univ. Agric. Exp. Sta. Soil Surv. 
Ser. 3. 32[lp. 
Wetzel, R. M. 1958. Mammalian succession on midwestern floodplains. 
Ecology 39(2):262-271. 
Wilson, R. E. 1970. Succession in stands of Populus deltoides along 
the Missouri River in southeastern South Dakota. A.m. r·lidl. Nat. 
83(2):330-342. 
Zimmerman, J. L., and J. L. Tatschl. 1975. Floodplain birds of Weston 
Bend, Missouri River. Wilson Gull. 87(2):196-206. 
Appendix A. Common and scientific names of plant species referred to 
in the text (Van Bruggen 1976). 
PTERIDOPHYTA 
Family Equisetaceae 
Horsetail - Equisetum spp. L. 
GYMNOSPER~lEAE 
Family Cupressaceae 
Eastern red cedar - Juniperus virginiana L. 
ANGIOSPERMEAE 
Monocotyledoneae 
Fami ly JUllcaceae 
Rush - Juncus spp. 
Family Cyperaceae 
Sedge - Carex spp. L. 
Famil y Poaceae 
Tribe Agrostideae 
Bluejoint - Calamagrostis canadensis (Michx. 1 Beauv. 
Tribe Aveneae 
Oat - Avena sativa L. 
Tribe Hordeae 
Wheat - Triticum aestivum L. 
Tribe Paniceae 
Foxtail - Setaria spp. Beauv. 
Family Typhaceae 
Narrow-leaved cattail - Typha angustifolia L. 
Fami ly Lemnaceae 
Duckweed - Lemna spp. 
Family Liliaceae 
Greenbriar - Smilax hispida Muhl. 
Dicotyledoneae 
Family Salicaceae 
Eastern cottonwood - Populus deltoides Marsh. 
Sandbar willow - Salix exigua interior (Rowleel Cronquist 
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Peach-leaved willow - Salix amygdaloides Anderss. 
Diamond willow - Salix rigida Muhl. 
Family Juglandaceae 
Black walnut - Juglans nigra L. 
Shagba rk hickory - Ca rya ova taa 
Fami ly Fagaceae 
Bur oak - Quercus macrocarpa Michx. 
Family Ulmaceae 
Slippery elm - Ulmus rubra L. 
Fami ly Moraceae 
Mulberry - Morus alba L. 
Family Menispermaceae 
Moonseed - Menispermum canadense L. 
Family Saxifragaceae 
Gooseberry - Ribes missouriense Nutt. 
Fami ly Pl antanaceae . 
Sycamore - Plantanus occidentalisa 
Fami ly Rosaceae 
Wild rose - Rosa woodsii Lindl. 
Black raspberry - Rubus occidentalis L. 
Fami ly Fabaceae 
Alfalfa - Medicago sativa L. 
False-indigo - Amoreha fruticosa L. 
Honey locust - Gledltsia triacanthos L. 
Kentucky coffeetree - Gymnocladus dioica (L.) Koch 
Family Anacardiaceae 
Smooth sumac - Rhus glabra L. 
Poison ivy - Toxicodendron rydbergii (Small) Greene 
Family Celastraceae 
Bittersweet - Celastrus scandens L. 
Fami ly Aceraceae 
Box elder - Acer negundo L. 
Family Vitaceae 
Virginia creeper - Parthenocissus guinquefolia (L.) Planch. 
Riverbank grape - Vitis riparia Michx. 
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Family Ti liaceae 
Basswood - Tilia americana L. 
Family Elaeagnaceae 
Russian olive - Elaeagnus angustifolia L. 
Fami ly Cornaceae 
Red-osier dogwood - Cornus stolonifera Michx. 
Fami ly 01 eaceae 
Green ash - Fraxinus pennsylvanica Marsh. 
Family Caprifoliaceae 
Tatarian honeysuckle - Lonerica tatarica L. 
Wolfberry - Symphoricarpus occidentalis Hook. 
aThese species were referred to by Vaubel and Hoffman (1975) as 
occurring in Nebraska. Scientific names from Petersen (1912). 
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Appendix B. Formulas used in vegetation analyses. 
Relative Dominance (Trees)a 
Relative Dominance (Trees)b 
Relative Density 
(Trees/Shrubs) 
Relative Frequency 
(Shrubs) 
Absolute rreqlJPllcy 
(Vines) 
Average basal area over all plots for each tree species within 
~_a_b_i_tat type 
Total of the average basal areas over all plots for each tree 
species witllin a habitat type 
Total basal area for each tree species within a sampling site 
Tot:allbas-arilrea for a~ee species within a sampling site 
Average nunlber of trees/shrubs over all plots of each species 
w_ith_in a habitat type 
Total average number of trees/shrubs over all plots of each 
species witllin a habitat type 
Number of rectangular plots per habitat type in which a 
~2ec_i_e_s occurred X 100 
Sums of rectangular plots of occurrence per habitat type 
for all spec i es 
rlunlber of sampling sites per habitat type in which a vine 
~E.~.fLe~_~!=!=.lJrred --"7"0-
tlufllber of sampling sites per/labitat type X 100 
aCa1culation used in importance values. 
bCalculation used in overlap values. 
X 100 
X 100 
X 100 
78 
Appendix C. Application of index of overlap (Horn 1966). 
Index of overlap (Horn 1966) was calculated using the following 
formula: 
(x. + y.) log (x. + y.) - x. log x. - y. log y. 
11 111 11 1 
= (X + Y) log (X + Y) - X log X - Y log Y (1) 
where Ro = overlap, X = Y = 1, and the values xi and Yi represent the 
percentages of each sample site composed of plant species i. Resulting 
Ro values ranged from 0.00 when the two sites had no species in common 
to 1.00 when the proportional species composition was identical. 
Relative dominance of each tree species and relative density of 
each shrub species was used on a sample site basis (combined plots) for 
the values of x and y. These values were calculated for each sample 
site and not for each habitat type as used in calculating importance 
values. All willow species on each site were combined for this analysis 
because computer analysis did not distinguish between two closely 
related species such as willows and two totally unrelated species such 
as willow and red-osier dogwood. Computer analysis resulted in a site 
overlap index for each of the 21 sites paired with each of the remaining 
sites. 
LITERATURE CITED 
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Appendix D. Results of small mammal trapping. 
Four hundred and fourteen small mammals representing six species 
of mice, shrews, and voles were trapped during 4,273 trap-nights. 
White-footed mice and deer mice comprised almost 90 percent of the 
catch, while short-tailed shrews, western harvest mice, meadow voles, 
and masked shrews were captured less frequently (Table 1). 
Deer mice and white-footed mice were captured most frequently 
in sand dune habitat (Table 2). Deer mice were also the most 
abundant species in sand dune habitat along the unchannelized Missouri 
River in North Dakota (Hibbard 1972). Numerous studies have reported 
that deer mice prefer non-wooded areas such as prairies, open fields, 
and sand dunes (Beckwith 1954, Verts 1957, Wetzel 1958, Iverson et al. 
1967, Kaufman and Fleharty 1974). 
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White-footed mice were the most frequently captured sDecies in 
cottonwood-willow habitat, followed by deer mice, western harvest mice, 
and meadow voles (Table 2). White-footed mice were generally taken 
at stations near or in willow thickets, while the other three species 
were captured in open areas. Smith (1968) caotured only white-footed 
mice while studying the home range of this species in cottonwood-willow 
habitat in southeastern South Dakota. Hibbard (1972) reported deer 
mice as being most abundant (2.9 captures per 100 trap-nights) in 
cottonwood-"'Ii llow habitat in North Dakota, followed by meadow jumping 
mice and boreal red-backed voles (Clethrionomys gapperi). The range 
of the boreal reG-backed vole does not extend as far south as my 
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Table 1. Species composition of small mammals captured along the 
unchannelized Missouri River in South Dakota. 
Number Captures/ 
Species Captured 100 TN Percent 
White-footed mouse 304 7.11 73.43 
Deer mouse 68 1. 59 16.43 
Short- ta i1 ed shrew 19 0.44 4.59 
Western harvest mouse 11 0.26 2.66 
Meadow vole 9 0.21 2.17 
Masked shrew 3 0.07 0.72 
Total 414 9.68 100.00 
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Table 2. Number and species of small mammals captured per 100 
trap-nights, listed by habitat type. These values were calculated 
using the number of trap-nights in each habitat type. 
Habitat TJ::Ee 
Sand Cottonwood- Cottonwood- El m-
Species Dune wi llow dogwood oak 
White-footed mouse 5.73 4.17 11. 93 4.95 
Deer mouse 10.28 1. 39 0.06 0.00 
Short-tailed shrew 0.00 0.00 1. 17 0.00 
Western harvest mouse 0.00 1. 02 0.00 0.00 
Meadow vole 0.20 0.65 0.06 0.00 
Ma s ked shrew 0.00 0.00 0.18 0.00 
To ta 1 16.21 7.23 13.40 4.95 
study area (Hall and Kelson 1959). Lindell (1971) captured meadow 
jumping mice in cottonwood-willow habitat within the range of my study 
area. Because of the variability of the vegetation within cottonwood-
willow habitat, representatives of all species present within this 
habitat were probably not captured. 
White-footed mice comprised 89 percent of the total catch in 
cottonwood-dogwood habitat (11.93 per 100 trap-nights), while other 
species were caught in lower numbers (Table 2). All but one of 
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22 short-tailed shrews and masked shrews were captured in sampling 
sites of Segment 1, which consisted of older cottonwood-dogwood stands. 
The single meadow vole was captured in a grassy area, and the deer 
mouse was apparently an accidental visitor. White-footed mice have 
frequently been reported as the most abundant species on densely 
wooded floodplains (Wetzel 1958, Ranney 1966, Iverson et al. 1967, 
Hibbard 1972, Kaufman and Fleharty 1974). Short-tailed shre\1s 
occupy habitats having large numbers of invertebrates and soils 
permitting burrowing ('i'Jetzel 1958). The sampling sites in which most 
of these shrews were captured were more mature cottonwood stands, 
where heavy accumulations of leaf litter provided habitat for 
invertebrates. The younger cottonwood-dogwood sites in Segments 2 
and 3 had little leaf litter. 
Captures per 100 trap-nights were lowest in the elm-oak habitat 
(4.95), and only small numbers of white-footed mice were captured 
(Table 2). Live vegetation was sparse because of grazing and 
provided little protection or food. The lack of moist leaf litter 
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made conditions unsuitable for shrews, the other forest dwelling 
small mammals expected to occur in elm-oak habitat. 
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Appendix E. Bird species diversity and species composition of habitats. 
BIRD SPECIES DIVERSITY 
The Diversity Index 
Although the value of a habitat to an avian community can be 
reflected by the number of species present within an area, two 
problems exist in using only species counts: (1) they do not account 
for differences in species abundance, and (2) they depend on sample 
size (MacArthur 1965). Information theory, originally developed for 
use in communications (Shannon and Weaver 1949), has been suggested 
as a means to combine the number of species and the number of 
individuals of each species into one figure depicting species diversity 
(Margalef 1958, MacArthur and MacArthur 1961). When used in ecology, 
information theory reflects the amount of uncertainty in choosing a 
random individual of a particular species (Pielou 1966). The 
diversity index of a community will increase with more species 
(species richness) or if the total number of individuals is more 
evenly distributed (equitibility) (Lloyd and Ghelardi 1964). The 
Shannon-Weaver index (Shannon and Weaver 1949) was used to calculate 
bird species diversity (BSO) using the following formula: 
H' = - Z Pi loge Pi 
whre H' is species diversity and Pi is the proportion of all species 
belonging to the ith species. 
( 1 ) 
Bird Species Diversity in Relation to Succession 
Bird species diversity was lowest in sand dune habitat (1.9), 
increased slightly in cottonwood-willow (2.1) and cottonwood-dogwood 
(2.2) habitats, then decreased to 2.0 in elm-oak habitat (Table 1). 
Although the differences in BSD between habitats are not great, a 
trend existed showing the data in this study to follow the generally 
accepted increase in BSD as vegetation approaches climax (Margalef 
1963, Karr 1968, Kricher 1972). The decrease in BSD recorded in 
elm-oak habitat may have been caused by a normal decline in species 
diversity for a climax forest (Margalef 1963), by a reduction in 
foliage height diversity (MacArthur and ~1acArthur 1961) caused by 
grazing, or a combination of both. 
SPECIES COMPOSITION OF HABITATS 
Method 
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I~portance values for all species in each habitat were calculated 
to evaluate avian composition. Importance was determined by adding 
the average relative density per census and the relative frequency 
(number of censuses in which the species occurred). The maxumum 
importance value each species could attain was 200. 
Results 
_Sand ~~n~.--Northern (Baltimore) orioles (0.92), catbir"ds (0.86), 
and eastern kingbirds (0.80) were the most important bird species in 
sand dune habitat (Table 1). Northern orioles were associated with 
Table 1. Importance values of bird species identified in four 
terrestrial riparian habitats. Species are listed in order of 
decreasing overall importance. 
Species 
Mourning dove 
Black-capped chickadee 
Northern oriole 
Bl ue jay 
Ca tbi rd 
Eastern kingbi rd 
Common grackle 
House wren 
Rose-breasted grosbeak 
American robin 
Brown thrasher 
Common fl i cker 
Brown-headed cowbird 
Yellowthroat 
Hairy woodpecker 
White-breasted nuthatch 
Red-winged blackbird 
Eastern wood peewee 
Wood thrush 
No. of 
Habi tats 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
3 
3 
3 
3 
3 
3 
3 
3 
Sand 
dune 
0.70 
0.62 
0.92 
0.53 
0.86 
0.80 
0.70 
0.22 
0.15 
0.47 
0.57 
0.00 
0.52 
0.47 
0.29 
0.15 
0.00 
0.38 
0.42 
Importance Value by 
Habitat Type 
Cottonwood- Cottonwood-
willow dogwood 
0.73 
0.64 
0.83 
0.30 
0.76 
0.53 
0.68 
0.11 
0.33 
0.14 
0.47 
0.51 
0.63 
0.58 
0.00 
0.00 
0.63 
0.00 
0.10 
1. 09 
0.90 
0.79 
0.97 
0.75 
0.55 
0.57 
1. 15 
0.66 
0.64 
0.50 
0.72 
0.22 
0.20 
0.33 
0.30 
0.10 
0.32 
0.31 
36 
Elm-
oak 
0.83 
0.83 
0.32 
0.83 
O.b 
0.32 
0.22 
0.57 
0.75 
0.41 
0.14 
0.66 
0.00 
0.00 
0.50 
0.67 
0.00 
0.32 
0.00 
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Tabl e l. Continued. 
Importance Value by 
Habitat TlEe 
No. of Sand Cottonwood- Cottonwood- Elm-
Species Habitats dune wi 11 ow dogwood oak 
Red-headed woodpecker 3 0.15 0.00 0.20 0.24 
Bobwhite quai 1 3 0.00 0.08 0.22 0.15 
Common crow 3 0.15 0.00 0.13 0.09 
American goldfinch 2 0.00 0.69 0.00 0.33 
Song sparrow 2 0.31 0.59 0.00 0.00 
Cardinal 2 0.00 0.00 0.12 0.71 
Field sparrow 2 0.00 0.47 0.00 0.32 
Rough-winged swallow 2 0.45 0.14 0.00 0.00 
Barn swallow 2 0.20 0.37 0.00 0.00 
Ring-necked pheasant 2 0.00 0.42 0.12 0.00 
Downy woodpecker 2 0.00 0.00 0.18 0.29 
Red-bellied woodpecker 2 0.00 0.00 0.11 0.22 
Yellow-billed cuckoo 2 0.00 0.09 0.00 0.15 
Warbling vireo 2 0.00 0.09 0.19 0.00 
Orchard oriole 2 0.00 0.07 0.15 0.00 
Yellow-throated vi reo 2 0.00 0.07 0.00 0.12 
Great horned owl 2 0.00 0.07 0.07 0.00 
Lark sparrow 1 0.32 0.00 0.00 0.00 
Bank swa 11 ow 1 0.00 0.28 0.00 0.00 
Eastern meadowlark 1 0.00 0.28 0.00 0.00 
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Table l. Continued. 
Importance Value by 
No. of Sand 
Habitat Type 
Cottonwood- Cottonwood- Elm-
Species Habitats dune wi 11 ow dogwood oak 
Killdeer 1 0.00 0.27 0.00 0.00 
Great-crested flycatcher 1 0.00 0.00 0.00 0.27 
Ruby-throated hummi ngbi rd 1 0.00 0.00 0.00 0.27 
Wood duck 1 0.00 0.25 0.00 0.00 
Yellow-headed blackbird 1 0.00 0.22 0.00 0.00 
Whip-poor-will 1 0.00 0.00 0.00 0.16 
Mockingbird 1 0.00 0.00 0.15 0.00 
Rufous-sided towhee 1 0.00 0.00 0.00 0.14 
Spotted sandpiper 1 0.00 0.12 0.00 0.00 
Starling 1 0.00 0.00 0.11 0.00 
Yellow-crowned night heron 1 0.00 0.10 0.00 0.00 
Ma rsh spa rrow 1 0.00 0.09 0.00 0.00 
Prothonotary warbler 1 0.00 0.00 0.09 0.00 
Cl iff swallow 1 0.00 0.08 0.00 0.00 
Kingfisher 1 0.00 0.00 0.07 0.00 
Broad-winged hawk 1 0.00 0.00 0.00 0.05 
Turkey vulture 1 0.00 0.00 0.00 0.05 
Wild turkey 1 0.00 0.00 0.00 0.05 
Total Species Recorded 23 37 34 32 
Bird Species Diversity 1. 93 2.09 2.19 2.04 
taller cottonwoods, while catbirds and kingbirds were usually observed 
in dense thickets of willows and sapling cottonwoods. The northern 
oriole, which showed the highest importance value (0.92) in sand dune 
habitat, was not reported by Hibbard (1972) along the Missouri River 
in North Dakota. The catbird and kingbird, however, were recorded 
in both sites, as were several other species: yellowthroat, song 
sparrow, brown-headed cowbird, American robin, mourning dove, house 
wren, and black-capped chickadee . 
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. Cottonwood-willow.--The northern oriole had the highest importance 
value (0.83) in cottonwood-willow habitat and was associated with tall 
cottonwoods. Mourning doves occurred frequently, probably using the 
area for nesting. Other impor.tant bird species using this habitat were 
the catbird, American goldfinch, common grackle, black-capped chickadee, 
and brown-headed cowbird. Catbirds, goldfinches, and chickadees nested 
or fed in shrubs and have been previously recorded utilizing willow 
thickets along streams (Beecher 1942, Beidleman 1947). Bank swallows, 
barn swallows, rough-winged swallows, and cliff swallows fed on insects 
above moist, open areas. Ponds in cottonwood-willow habitat provided 
brooding areas for blue-winged teal and wood ducks, and feeding areas 
for herons. The pond shorelines provided feeding areas for shorebirds; 
killdeer and spotted sandpipers were recorded. Eastern meadowlarks 
found nesting cover in the taller herbaceous or grassy growth. 
Although the density of each bird species was not high, cottonwood-
willow habitat provided nesting and feeding locations for 37 species, 
more than in any other habitat. 
Cottonwood~dogwood.--Thirty-four species were recorded in 
cottonwood-dogwood habitat. Mourning doves (1.09) and house wrens 
(1.15) had the highest importance values, because both species were 
very common in this habitat. Mourning doves occurred in 22 of the 23 
censuses, while house wrens occurred in all 23. House wrens were the 
second most abundant species in a Montana cottonwood community 
(Walcheck 1970) behind yellow warblers, which were not recorded in 
this study. Other important species found in both studies included 
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the black-capped chickadee, northern oriole, catbird, common (yellow-
shafted) flicker, and American robin. Rose-breasted grosbeaks and blue 
jays were not found in cottonwood forests in Montana (Walcheck 1970) 
or North Dakota (Hibbard 1972), but were present in Kansas (Zimmerman 
and Tatschl 1975) and this study. These records indicate that the 
study area represents the westernmost limits of rose-breasted 
grosbeaks and blue jays in cottonwood communities along the free-
flowing portions of the Missouri River. 
Elm-oak.--Mourning doves (0.83), black-capped chickadees (0.83), 
and blue jays (0.83) had the highest importance values in elm-oak 
habitat. Anderson and Shugart (1974) found that blue jays were 
generally associated with large trees providing a dense overstory, 
and I found that blue jays obtained their highest importance values 
in the two habitats with taller, older trees (cottonwood-dogwood and 
elm-oak). Rose-breasted grosbeaks (0.75) and cardinals (0.71) also 
had high importance values in elm-oak habitat. The importance value 
of the cardinal is somewhat difficult to explain. This species is 
.. 
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generally considered to be a shrub dweller (Anderson and Shugart 1974), 
but few shrubs were present in elm-oak habitat. Two other shrub 
nesters, the brown thrasher and the gray catbird, were common in the 
cottonwood habitats but were absent or had a much lower importance 
value in elm-oak habitat. Their absence is probably caused by 
livestock grazing, which reduced the number of suitable nesting sites. 
White-breasted nuthatches, hairy woodpeckers, downy woodpeckers, 
and red-bellied woodpeckers were cavity nesters having higher 
importance values in the grazed elm-oak habitat than in the ungrazed 
cottonwood communities, and great crested flycatchers (also a cavity 
nester) were observed only in the elm-oak habitat. The increase in 
cavity nesting resulted from ~n increase in the number of cavities 
in dying trees. The increase in the number of cavity nesters may 
also have been related to grazing. Dambach and Good (1940) stated 
that nesting birds were affected in three ways by grazing: (1) no 
ground nesters were found, (2) there was a 20 percent increase in 
the number of hole nesters, and (3) only one nest was located in 
shrubby vegetation. Bobwhite quail, the only ground nester recorded 
in elm-oak habitat, had a low importance value (0.15) and the 
occurrence of the other two factors is clearly illustrated. Without 
grazing, the avian populations of this habitat would probably have 
been larger and more diverse. 
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Appendix F. Mammalian species expected to occur in the study area 
(Hall and Kelson 1959). 
Order Marsupialia 
Family Didelphidae 
Opossum - Didelphis marsupialis virginia Kerr 
Order Insectivora 
Family Soricidae 
Masked shrew - Sorex cinereus haydeni Baird 
Short-tailed shrew - Blarina brevicauda brevi cauda (Say) 
Least shrew - Cryptotis Phrva parva (Say) 
Pygmy shrew - r~lcrosorex ~ hoyi (Baird) 
Fami ly Ta 1 pi dae 
Eastern mole - Scalapus aquaticus caryi Jackson 
Eastern mole - Scalapus aquaticus machrinoides Jackson 
Order Chiroptera 
Family Vespertilionidae 
Little brown myotis - Myotis lucifugus lucifucus (Le Conte) 
Keen's myotis - Myotis keeni septentrionalis lTrouessart) 
Small-footed myotis - MXOtlS subulatus subulatus (Say) 
Silver-haired bat - Laslonycterls noctivagans (Le Conte) 
Big brown bat - Eotesicus fuscus fuscus (Palisot de Beauvois) 
Red bat - Lasiurus borealis borealis (MUller) 
Hoary bat - LaSlurus cinereus cinereus (Palisot de Beauvois) 
Order Lagamorpha 
Family Leporidae 
Eastern cottontail - Sylvilagus floridanus mearnsii (J. ~. ~llen) 
Eastern cottontail - Sylvilagus floridanus simlllS Nelson 
White-tailed jackrabbit - Lepus townsendi; camoanius ~ollister 
Slack-tailed jackrabbit - LePUS californicus me',anotis r~ecrns 
Order Rodentia 
Family Sciuridae 
Woodchuck - Marmota monax bunkeri Black 
Thirteen-lined ground squirrel - Spermophilus tridecemlineatus 
tridecemlineatus (Mitchill) 
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Franklin's ground squirrel - Spermophilus franklinii (Sabine) 
Eastern gray squirrel - Sciurus carolinensis carolinensis Gmelin 
Fox squirrel - Sciurus niger rufiventer E. Geoffrey St.-Hilaire 
Family Geomyi dae 
Plains pocket gopher Geomys bursarius majusculu~ Swenk 
Family Heteromyida~ 
Plains pocket mouse - Perognathus flavescens nerniger Osgood 
Family Castoridae 
Beaver - Castor canadensis missouriensis V. Bailey 
Family Cricetidae 
Plains harvest mouse - Reithrodontomys montanus albescens Cary 
Western harvest mouse - Reithrodontomys megalotis dychei J. A. Allen 
Deer mouse - Peromyscus maniculatus bairdii (Hoy and Kennicott) 
White-footed mouse - Peromyscus leucopus noveboracensis (Fischer) 
Meadow vole - Microtus pennsylvanicus pennsylvanicus (Ord) 
Prairie vole - Microtus ochrogaster ochrogaster (Wagner) 
Muskrat - Ondatra zlbethicus cinnamominus (Hollister) 
Southern bog lemming - Synaptomys cooperii gossii (Coues) 
Family Zapodi dae 
Meadow jumping mouse - Zapus hudsonius pallidus Cockrum and Baker 
Order Hystricomorpha 
Family Erethizontidae 
Porcupine - Erethizon dorsatu~ bruneri Swenk 
Porcupine - Erethizon dorsatuffi dorsatum (Linnaeus) 
Order Carnivora 
Farr,i ly Canidae 
Coyote - Canis latrans latrans Say 
Red fox - Vulpes fulva regalis Merriam 
Gray fox - Urocyon cinereoaraenteus ocythous Bangs 
Family Procyonidae 
Raccoon - Procyon lotor hirtus Nelson and Goldman 
Family Mustelidae 
Least weasel - Mustela rixosa campestris Jackson 
Long-tailed weasel - Mustela frenata spadix (Bangs) 
Mink - Mustela vison letifera Hollister 
Badger - Taxidea taxus taxus (Schreber) 
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lastern spotted skunk - Spilagole putorius interrupta (Rafinesque) 
Striped skunk - Mephitis mephitis hudsonlca Richardson 
River otter - Lutra canadensis interior Swenk 
Family Fel idae 
Bobcat - Lynx rufus rufus (Schreber) 
Order Artiodactyla 
Fami ly Cervidae 
White-tailed deer - Odocoileus virglnlanus virglnlanus Rafinesquea 
rlule deer - Odocoileus hemoinus hemoinus Rafinesqued 
96 
aOpinion 581 of the International Commission on Zoological Nomenclature 
(1960, cited by Jones 1964) validated Odocoileus Rafinesque as generic 
name over Dama used by Hall and Kelson (1959). 
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Appendix G. Bird species occurring in southeastern South Dakota 
(Anonymous 1956). Scientific and common names are taken from American 
Ornithologist's Union (1957) checklist, and its thirty-second (1973) 
and thirty-third (1976) supplements. 
Order Gaviiformes 
Family Gaviidae 
Common loon - Gavia immer (BrUnnich) (TV)a 
Order Podicipediformes 
Family Podicipedidae 
Red-necked grebe - Podiceps grisegena holbollii Reinhardt (TV) 
Horned grebe - Podiceps auritus cornutus (Gmelin) (TV) 
Eared grebe - Podlceps nigricollis californicus Heerman (SR) 
Western grebe - Aechmophorus occidentalis (Lawrence) (TV) 
Pied-billed grebe - Podilymbus podiceps podiceps (Linnaeus) (SR) 
Order Pelicaniformes 
Family Pelicanidae 
White pelican - Pelecanus erythrorhynchos Gmelin (TV) 
Family Phalacrocoracidae 
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Double-crested cormorant - Phalacrocorax auritus auritus (Lesson) (SR) 
Order Ciconiiformes 
Family Ardeidae 
Subfamily Ardeinae 
Great blue heron - Ardea herodias herodias Linnaeus (SV) 
Northern green heron - Butorides striatus virescens (Linnaeus) (SR) 
Little blue heron - Florida caerulea caerulea (Llnnaeus) (TV) 
Great egret - Casmerodlus albus egretta (Gmelin) (SV) 
Black-crowned night heron - Nycticorax nicticorax hoactl i (Gmel in) 
( SR ) 
Subfamily Botaurinae 
Least bittern - Ixobrychus exilis exilis (Gmelin) (SR) 
American bittern - Botaurus lentlginosus (Rackett) (SR) 
Order Anseriformes 
Family Anatidae 
Subfamily Cygninae 
Whistling swan - Olor columbianus (Ord) (TV) 
Subfamily Anserinae 
Canada goose - Branta canadensis (Linnaeus) (TV) 
White-fronted goose - Anser albifrons frontalis Baird (TV) 
Snow goose - Chen caerUleSCens (Pallas) (TV) 
Blue goose - Chen caerulescens atlantica (Linnaeus) (TV) 
Subfamily Anatinae 
Mallard - Anas platyrhynochos platyrhynchos Linnaeus (SR) 
Black duck - Anas rubripes Brewster (AV) 
Gadwall - Anas-strepera Linnaeus (SR) 
Pintail - Anas acuta Linnaeus (SR) 
American green-winged teal - Anas crecca carolinensis Gmelin (TV) 
Blue-winged teal - Anas discors-discors Linnaeus (SRj 
Cinnamon teal - Anas cyanoptera septentrionalium Snyder and Lumsden (AV) -
American wigeon - Anas amer.icana (Gmelin) (SR) 
Northern shoveler - Anas clypeata (Linnaeus) (SR) 
Wood duck - Aix sponsa-tLinnaeus) (SR) 
Subfamily Aythyinae 
Redhead - Aythya americana (Eyton) (SR) 
Ring-necked duck - Ay~hya collaris (Donovan) (TV) 
Canvasback - Aythya valisineria (Wilson) (TV) 
Greater SCaiJp-- Aythya marila nearctica Stejneger (TV) 
Lesser SCa'JD - Aythya affinis (Eyton) (TV) 
Common goldeneye - BuceDhela clan ula americana (Bonaparte) (TV) 
Bufflehe2d - Bucephela albeola L1nnaeus) (TV) 
Oldsquaw - ~langula hyemalis (Linnaeus) (AV) 
Ruddy duck - Oxyura jamaicensis rubida (Wilson) (SR) 
hooded merganser - Lochodytes cucul1atus (Linnaeus) (TV) 
Common merganser - Mergusmerganser americanus Cassir: (TV) 
Red-breasted merganser - Mergus serrator serrator Linnaeus (TV) 
Order Falconiformes 
Family Cathartldae 
Turkey ViJi tiJre - Cathartes aura teter Friedmdnn (SV) 
Falnily Accipitridae 
Subfamily A.cciDitrinae 
Gosh~\'/y -'\cC:iDiter gentilis atricapillus (Wilson) (WV) 
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Sharp-shinrled hawk - Accipiter striatus velDs (Wilson) (PR) 
Cooper's hawk - Accipiter cooperii (Bonaparte) (PR) 
Subfamily Buteoninae 
Red-tailed hawk - Buteo jamaicensis kriderii Hoopes (SR) 
Red-shouldered hawk - Buteo lineatus lineatus (Gmelin) (TV) 
Broad-winged hawk - Buteo platypterus p1atypterus (Viel1ot) (TV) 
Swainson's hawk - Buteo swainsoni Bonaparte (SR) 
Rough-legged hawk - Buteo lagoeus s.johannis (Gmelin) (WV) 
Ferruginous hawk - Buteo rega11s (Gray) (WV) 
Golden eagle - Aquila chrysaetos canadensis (Linnaeus) (WV) 
Bald eagle - Ha1iaeetus 1eucocephalus 1eucocephalus (Linnaeus) (WV) 
Subfamily Circinae 
Marsh hawk - Circus cyaneus hudsonius (Linnaeus) (PD) 
Family Panionidae 
Osprey - randion haliaetus caro1inensis (Gme1in) (TV) 
Family Fa1conidae 
Subfamily Falconinae 
Gyrfalcon - Falco rustico1us obsoletus Gme1in (AV) 
Prairie falcon - Falco mexicanus Schlegel (WV) 
Peregrine falcon - Falco pere1rinus anatum Bonaparte (TV) Merlin - Falco columbarius co umbarius Linnaeus (TV) 
Kestrel - Falco sparverius sparverius Linnaeus (SR) 
Order Galliformes 
Family Tetraonidae 
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Greater prairie chicken - Tympanuchus cupido pinnatus (Brewster) (AV) 
Sharp-tailed grouse - Pediocetes phasianellus campestris Ridgway (AV) 
Family Phasianidae 
Subfamily ntontophorinae 
Bobwhite - Colinus virginianus virginianus (Linnaeus) (PR) 
Subfamily Phasianinae 
Ring-necked pheasant - Phasianus co1chicus Linnaeus (PR) 
Gray partridge - Perdix perdix perdix (Linnaeus) (PR) 
Fami 1y t1eleagrididae 
Turkey - ~le1eagris gal1opavo si1vestris Vie110t (PR) 
Order Gruiformes 
Family Rallidae 
Subfamily Rallinae 
King rail - Rallus elegans elegans Audubon (SR) 
Virginia rail - Rallus limicola limicola Viellot (SR) 
Sora - Porzana carolina (Linnaeus) (PRJ 
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Yellow rail - CoturnlCOps noveboracensis noveboracensis (Gmelin) (SR) 
Common gallinule - Gallinula chloropus cachinnans Bangs (AV) 
Subfamily Fulicinae 
American coot - Fuliea americand americana Gmelin (SR) 
Order Charadriiformes 
Family Charadriidae 
Semipalmated plover - Charadrius semipalmatus Bonaparte (TV) 
Piping plover - Charadrius melodus circumcinctus (Ridgway) (TV) 
Killdeer - Charadrius vociferus vociferus Linnaeus (SR) 
American golden plover - Pluvialis dominiea dominiea (Muller) (TV) 
Black-bellied plover - Squataroia squatarola (Linnaeus) (TV) 
Ruddy turnstone - Arenaria interPres morinella (Linnaeus) (TV) 
Family Scolopacidae 
Subfamily Scolopacinae 
Common sniDe - Capella 9..~nac:o delicata (Ord) (TV) 
Subfamily Tringinne 
L;pland sandpiper - Bar-tramia lcngicauda (Bechstein) (SR) 
Spotted sandpi per - -ACtTi:l"S-rlacuTaria\L i nnaeus) (SR) 
Solitary sandpiper - Tringa sclitarla solituia Wilson (TV) 
Willet - Catoptrophus-semioaln:c:us inornatus (Brewster) (TV) 
Greater yet lowlegs - -iringa n:eianoleucos-rc;melin) (TV) 
L e sse rye 1 1 0'.'11 e 9 s - ~r inc; a -f_ j a, i pes (Gme 1 in) ( TV) 
Subfamily Calidridiinae 
Pectoral sandpiDer - Calidris ~elanotos (Viellot) (TV) 
White-rumped sa~dpiper-=-CaTldrTSfLJsClcOllis (Viellot) (i'J) 
Baird's sandpiper - Calidris balrdii (CDues) -(TV) 
Least sandpiper - Calldris nlinutITid (Viellot) (TV) 
Dunlin - Calidris alpina odcifica (Coues) (TV) 
Semipalmated-sandpTper -- Calidris pusilla (Linnaeus) (TV) 
Western sandplper - CalidrE-mauriCabanfs (TV) 
Sanderling - Caladris-afb~rpaTTaS) (TV) 
Short-bi lled dowi tcher---Timno:::romus q,-iseus hendersoni Rowan (TV) 
Long-bi lled dO\'li tcher - L i,;:nodromus scOTOpaceus Sa; (TV) 
Stilt sandpioer - Mi~p~-lalna ~~antop~ (Bonacarte) (TV) 
Buff-breasted sandpiper - Tryntites subruficollis (Viellot) 
Marbled godwit - Limosa fedoa Linnaeus) (TV) 
Hudsonian godwit - Limosa haemastica (Linnaeus) (TV) 
Family Recurvirostridae 
American avocet - Recurvirostra americana Gmelin (TV) 
Family Phalaropodidae 
Wilson's phalarope - Steganopus tricolor Viellot (TV) 
Northern phalarope - Lobipes lobatus (Llnnaeus) (AV) 
Fami ly Laridae 
Subfamily Larinae 
Herring gull - Larus argentatus smithsonianus Coues (SV) 
Ring-billed gull - Larus delawarensis Ord (SV) 
Franklin's gull - Larus pipixcan Wagler (SR) 
Subfamily Sterninae 
Forster's tern - Sterna forsteri Nuttall (SR) 
Common tern - Sterna hirundo hirundo Linnaeus (SR) 
(TV) 
Least tern - Sterna albifrons athalassos Burleigh and Lowery (SR) 
Caspian tern - Hydroprogne' caspia (Pallas) (AV) 
Black tern - Chlidonias niger surinamensis (Gmelin) (SR) 
Order Columbiformes 
Family Columbidae 
Mourning dove - Zenaida macroura carolinensis (Linnaeus) (SR) 
Order Cuculiformes 
Family Cuculidae 
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Yellow-billed cuckoo - Coccyzus americanus americanus (Linnaeus) (SR) 
Black-billed cuckoo - Coccyzus erythropthalamus (Wilson) (SR) 
Order Strigiformes 
Family Tytonidae 
Barn owl - Tyto alba pratincola (Bonaparte) (PR) 
Family Strigidae 
Screech owl - Otus asio swenki Oberholser (PR) 
Great horned o~ Bubo vir inianus vir inianus (Gmelin) (PR) 
Snowy owl - Nyctea sea;;-diaca Linnaeus WV) 
Burrowing owl - Athena cunicularia hypugaea (Bonaparte) (SR) 
". 
• 
• 
Barred owl - Strix varia varia Barton (PR) 
Long-eared owl - ASlOotus-W-rfsonianus (Lesson) (WI': 
Short-eared owl - ASio--rTammeus flammeus (Pontol1pi,j<lllj (Pi(' 
Order Caprinlulgiformes 
Family Caprimulgidae 
Whip-poor-will - Caprimulgus vociferus vociferus \oIils"I', ;',i') 
Common nighthawk - Chordeiles minor minor (Forster) (~>R) 
Order Apodiformes 
Fami ly Apodi dae 
Chimney swift - Chaetura pelagica, (Linnaeus) (5R) 
Family Trochilidae 
Ruby-throated hummingbird - Archilochus colubris (Linno.'"ils) (~;fZ; 
Order Coraciiformes 
Family Alcedinidae 
Belted kingfisher - Megaceryle alcyon alcyan (Linnaeus) (PRJ 
Order Piciformes 
Fami ly Pi cidae 
Yellow-shafted flicker - Colaptes auratus auratus Bangs !I'I\) 
Red-bellied woodpecker - MeTai1erpes carolinuszebra (C("1ddul:rt) (P~j 
Red-headed woodpecker - Melanerpes erythrocephdlUSerythrocephalus (L i nnaeus) (PR) ---- -----
Lewis' woodpecker - i1erlanerpes lewis (Gray) (,4'1) 
Yellow-bellied sapsucker - SphyriiPf(Us vari'ls varius (L in"aeus) (~'" 
Hairy woodpecker - Picoides villosus villas-us n'Tiirl-a'eus) lJ'i 
Downy woodpecker - Picoides ~ubes::_e~rneaTari~:s (S\'Ji;inso~:- ("e') 
Order Passeriformes 
Fami ly Tyrannidae 
Eastern kingbird - Iyranr~ tyrannus (Linnaeus) (S;,:) 
Western kingbird - Tyrannus verticalis Say (SR) 
Great crested flycatcher - Myri archus crin i tus b_o,r,e!Js !":I' ("!;) 
Eastern phoebe - Sayornis phoebe (LathalJiTTsRT 
Say's phoebe - Sayornls saya (Bonaparte) (AV) 
j ( 
Yellow-bellied flycatcher - Empidonax flaviventris (Di:i.-d ctllj G,1I1-d; 
(TV) 
Acadian flycatcher - Empidonax virescens (Vie11ot) (SR) 
Willow flycatcher - Empidonax trai11ii (Audubon) (SR) 
Least flycatcher - Empidonax minimus (Baird and Baird) (TV) 
Eastern wood peewee - Contopus v;rens (Linnaeus) (SR) 
Olive-sided flycatcher - Nutta11orn;s borealis (Swainson) (TV) 
Family A1audidae 
Horned lark - Eremophi1a a1pestris pratico1a (Henshaw) (PR) 
Family Hirundinidae 
Tree swallow - Irodoprocne bico1or (Vie11ot) (SR) 
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Bank swallow - Ritaria riparia riparia (Linnaeus) (SR) 
Rough-winged swal ow - Stelgidopteryx rufico11is serripenis (Audubon) 
(SR) 
Barn swallow - Hirundo rustica erythrogaster Boddaert (SR) 
Cliff swallow - Petrochelidon rrhonota pyrrhonota (Vie11ot) (SR) 
Purple martin - Progne subis subis Linnaeus} (SR) 
Fami 1y Corvidae 
Blue jay - Cyanocitta cristata bromia Oberho1ser (PR) 
Black-billed magpie - Pica ~ hudsonia (Sabine) (WV) 
Common crow - Corvus brachyrhynchos brachyrhynchos Brehm (PR) 
Fami 1y Paridae 
Black-capped chickadee - Parus atricapi11us atricapi11us Linnaeus (PR) 
Fami 1y Si ttidae 
White-breasted nuthatch - Sitta carolinensis cookei Oberholser (PR) 
Red-breasted nuthatch - Sitta canadensis Linnaeus (WV) 
Family Certhiidae 
Brown creeper - Certhia familiaris americana Bonaparte (WV) 
Family Trog1odytidae 
House wren - Troglodytes aedon parkmanii Audobon (SR) 
Winter wren - Troglodytes troglodytes hiema1is Vie110t (TV) 
Carolina wren - Thryothorus ludovicianus ludovicianus (Latham) 
(TV, WV) 
Long-billed marsh wren - Cistothorus palustris dissaeptus (Bangs) (SR) 
Short-billed marsh wren - Clstothorus platensls ste11arls (Latham) 
( SR ) 
Rock wren - Salpinctes obsoletus obso1etus (Say) (SR) 
Fami ly Mimidae 
Mockingbird - Mimus p01Y~lottos po1~glottos (Linnaeus) 
Catbird - Pumetella caro inensls (Llnnaeus) (SR) 
Brown thrasher - Toxostoma rufum rufum (Linnaeus) (SR) 
(SR) 
Fami 1y Turdidae 
American robin - Turdus migratorius migratorius Linnaeus (SR) 
Wood thrush - Hylocichla mustelina (Gmelin) (SR) 
Herillit thrush - CrI)-athw, guttatus faxoni Bangs dfld ""nard (TV) 
Swainson's thrus~~l~~dth~s ustulatus swainsoni (Tschudi) (TV) 
Gray-cheeked thrush -- (arathus minimus minimus 1Lafresnaye) (TV) 
Veery - Carathus fU5ces'censfuscescens (Stephens) (TV) 
Common b'luebird -Sial_i_a~ ~_ialis sialis (Linnaeus) (SR) 
Fa mil y Sy 1 vii da e 
lO~ 
Golden-crowned kinqlH - f<eyulus satrapa satraDa Li~htenstein (7V, wV), 
Ruby-crowned kinglet - P:.eJ~u)~..s_ calendula cale"-d-Cl_d (Linnaeus) (TV) 
Family Motacillidae 
Water pipit - Anthus spinoletta rubescens (Tunstall) (TV) 
Sprague's pipif-: An.!:.hL,~s-'-sp-ragueii (Audubon) (iV) 
Fami ly Bombycyll idae 
Bohemian waxwing - GJ)~i;?y~i_l~ garrulus ~allidi(ep_S_ Reichenow 
Cedar waxvilng - ~_o~~~tYCill,l cedrorum Vie lot (f'D.l 
Fa~;ily Laniidae 
,"orthern shrike - Lanil;, fxcubitor invictus Grinnell (WV) 
Loggerhead shrike --l,.a~l,il's IlJdovicianus mi9ra~~ Pal lIler- (SR) 
Fami ly Sturnidae 
S t a )- lin 9 - S t !J...r:.n ~.? v u 1, a , i 5 v_L0 ..9.9 r i s Lin n a e u s (P R ) 
Fa~ily Vireonidae 
8;:>11 's vii-eo - Vireo bell i j bell ii Audubon (SR) 
YellOI'I-throated-vueo'-- VTreo flavifrons Viellot (5'-') 
Solitary vireo - Vireo sofTtarius solitarius (Wilson) (T',; 
Ped-eved vireo - I;'ireo oTi~laceous (Linnaeus) (S<,) 
P~i lad~l phi a vi reG----Vi '~ec'-:1nnadel phi cus (Cass in) (~\:) 
Ioiarbling vireo - Vi,-e<j-"i(iyu-sgilvus (Viellot) ('Or) 
Fan;ily ~'arulidae 
E~ilCk-dlld-wr.lte wartlier' - r'~niotilta varia (Linna0US) ("".; 
P'-otn;)Ilota )-y warb I e ,- - l'rotclilOta ri a cit rea (Godda ert) \ SF, 
BllJe-v/lwJed \'Inl-ble" - Vern,"ivora plnusT'['lnnaeus) (11'}' 
GC'l clen-\'I' nged vIJ)-b I E:'r" - \'e-":'I'(voraChrysoptera (L i '1I1,le,; :- ,~v \ 
(WV) 
~ennessee warbler- - Ver'lniv~)ra--peregrina (Wi Ison) (T,'; 
Orange-crowned vlilrhle-r---'yp-rnlivora ce1ata celata (Say) (i'i) 
r;ashville warbler - Ver"JI'i/,;J-aru-f]capilla ru-flCapillJ (''':ilson) (TV) 
Pa rul a warb lei' - Pa I-:Jldar~E;·:-rcana (L i nnaeus) (TV) ----
Yellow wal-blel- - Derlri,-oicd-r'etechia aestiva (Gille 1 in) (<;;:\ 
Hagnolia warbler =-he-n-d-rr,-ica"n1agnoJia (Wilson) (TV) 
Cape i·lay wdt'bler - ~)~~~ct'l-o~i_e-d t2.grina (Gmelin) (TV) 
~'~yrtle warbler - Denaroica coronata coronata (L innM'lJs) (TV) 
81 ilck-throated green-wa-rh'lf:r-----l.lei1droica vi rens vi I-en", (["",['1 in) (TV) 
Ce,-ulean wdrbler - LJendrciecl cerulea (Wilson) (TV)--
Glackburnian warbler----Ifendjolca fusea (Huller) (TV) 
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Chestnut-sided warbler - Dendroica pensylvanica (Linnaeus) (TV) 
Bay-breasted warbler - De~droica castanea (Wilson) (TV) 
Blackpoll warbler - Dendroica striata (Forster) (TV) 
Pine warbler - Dendroica pinus pinus lWilso~) (TV) 
Palm warbler - Dendroica palmarum palmarum (Gmelin) (TV) 
Ovenbird - Seiurus aurocapillus aurocapillus (Linnaeus) (SR) 
Northern waterthrush - Seiurus noveboracensis notabilis Ridgway (TV) 
Louisiana waterthrush - Seiurus motacllla--rvfeTTOt) (TV) 
Connecticut warbler - Oporornis agilis (Wilson) (TV) 
Mourning warbler - Oporornis philadelphia (Wilson) (TV) 
Yellowthroat - Geothlypsi ~richas brachidactylus (Swainson) (SR) 
Yellow-breasted chat - Icteria virens virens (Linnaeus) (SR) 
Wilson's warbler - Wilsonia pusilla piTeOlata (Pallas) (TV) 
Canada warbler - Wilsonia canadensis (Llnnaeus) (TV) 
American redstart - ?etoph~ rutlcill~ ruticilla (Linnaeus) (TV) 
Family Ploceidae 
House sparrOl'1 - .Passe..c ~olnest_i_S!~ domest icus (L innaeus) (PR) 
Family Icteridae 
Bobolink - Dolichonyx ory:ivorus (Linnaeus) (SR) 
Eastern meadowlal-k - Stl1rnella-magna ~a9na ('~innael1s) (SR) 
Yellow-headed blackbird - Xanthocephall1s xanthocephall1s (Bonaparte) 
(SR) 
Red-winged blackbird - ~~~~ phoeniceus arctolegl1s Oberholser (SR) 
Orchard oriole - Icterus spl1rius (Llnnael1s) (SRj 
Baltimore oriole - Icterus ~ul~ qaJbula (Linnaeus) (SR) 
Rusty blackbird - Euphacus carol1lnl1s carolinus (Muller) (TV) 
Brewer's blackbird - EUDhaguscyar;ocephall1s (Wagler) (TV) 
Common grackle - Quiscalus quiscula versicolor Viellot (SR) 
Brown-headed cOl'lbird - ~1010thrus at':! 9~_e~\Boddaert) (SR) 
Family Thraupidae 
Scarlet tana,;er - Piranca :;livacea (G;,'elin) (SRi 
-----~-. "----
Family Fringillidae 
Subfamily Cardinalinae 
Cardinal - Cardinalis cardinalis cardinalis (Linnaeus) (PR) 
Rose-breasted grosbeak~Phe~ctTcus~vicianus (Linnaeus) (SR) 
Black-headed grosbeak - Pheucticus meran-ocepha1Us melanocephalus (Swainson) (SR) -~-----
Blue grosbeak - Guiraca caerulea interfusa Dwight and Griscom (SR) 
In dig 0 bun tin g -Passe;: i ria c y a n e a ( Lin n a e us) ( S R ) 
Lazul i bunting - Passerina an:oena (Say) (!l,V) 
Dickcissel - Spiza amerlcana-rG~elin) (SR) 
Subfami ly Fringill inae 
Evening grosbeak - Hesperiphona vespertina vespertina (Cooper) (WV) 
Purple finch - Carpodacus p~'pureu_s purpureus (Gmel1n) (Wv) 
Pine grosbeak - Pinicola enucleator leucura (Muller) (AV) 
Common redpoll - Carduelis flammea flammea (Linnaeus) (WV) 
Pine siskin - Carduel is pin,5 pin~s (Wilson) (PR) 
American goldfinch - Cardue 15 tr1stis tristi5 (Linnaeus) (PR) 
Red crossbill - Loxia curvirostra benti Griscom (WV) 
White-winged crossbill - Loxia leucoprera leucoptera Gmelin (WV) 
Rufous-sided towhee (Eastern race) - Pipilo erythrophthalmus 
erythrophthalmus (Linnaeus) (SR) 
Rufous-sided towhee (Western race) - Pipilo erythrophthalmus 
arcticus (Swainson) (SR) 
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Lark bunting - Calamospiza melanocorys Stejneger (SR) 
Savannah sparrow - Passerculus sandwichensis nevadensis Grinnell (SR) 
Baird's sparrow - Ammodramus baird1i (Audubon) (AVj 
LeConte's sparrow - Ammospiza leconteii (Audubon) (TV) 
Vesper sparrow - Pooecetes gramineus gramineus (Gmelin) (SR) 
Lark sparrow - Chondestes grammacus grammacus (Say) (SR) 
Slate-colored junco - Junco hyemalis hyemalis (Linnaeus) (WV) 
Tree sparrow - Spizella arborea arborea (Wilson) (WV) 
Chipping sparrow - Soizella passerina boreophila Oberholser (SR) 
Clay-colored sparrow - Spizella pallida (Swainson) (SR) 
Field sparrow - Spizella pusilla pusilla (Wilson) (SR) 
Harris' sparrow - Zonotrichia guerula (Nuttall) (TV, WV) 
White-crowned sparrow - Zonotr1chla leucophorys leucophorys (Forster) 
(TV, WV) 
Fox sparrow - Passerilla iliaca zaboria Oberholser (TV) 
Lincoln's sparrow - Melospiza lincolnii lincolnii (Audubon) (TV) 
Swamp sparrow - Melcspiza georgiana georoiana (Latham) (SR) 
Song sparrow - Melospiza melodia juddi B;shop (SR) 
Lapland longspur - Calcarius lap on1CUS lapponicus (Linnaeu5) (WV) 
Smith's longspur - Calcarius PlctUS Swainson) (TV) 
Chestnut-collared longspur - Calcarius ornatus (Townsend) (WV) 
Snow bunting - Plectrophenax nlvalis nivalis (Linnaeus) (WV) 
aTV = Transient visitor, SR 
PR = Per~anent resident 
Summer resident, WR = Winter resident, 
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Appendix H. Amphibians and repti les expected to occur in the study 
area (Fishbeck and Underhill 1959). 
Order Caudata 
Fami ly Ambystolnatidae 
Eastern tiger salamander - Ambystoma ~igrinulll ~elanosticum (Green) 
Eastern tiger salamander - Ambyston~ ~_~_i_~ tigrinum (Green) 
Order Anura 
Family Pelobatidae 
Central plains spadefoot - SC.:'Fhiop~ bombifrons Cope 
Farnily Sufonidae 
Great plains toad - Bufo coonatus Say 
American toad - Gufo-ter"estrrsanlericanus Girard 
Wrodnouse's toad--=--Su f'Q-woiicfEouse i wood house; G ira I'J 
Family Mylidae 
Southern cr'icket frog -~ gryllus Le Conte 
Cor:"lcn tl"ee frog - Hyla versicolor Le Conte 
S\,ar:p tree fro 9 - ~_s_e_u_d_oa~.J2~ .22.,e_r_i_a_t_d ~r_i _se_r_i_a_t~ 
(Le Conte; 
Farni 1)1 Ranidae 
Bullfroq - Rana catesbeiana Shaw 
~'~eado\'1 fr09--=---Rana pipiens Schl"ebel" 
Ordel' ;estudines 
Fa~ily Chelydridae 
Sna:Jc,iTlg tu~~tle - ~helY(2_a :)0t~~p.nti'~2 L l:lrlae ',J(; 
Far:i ly [mydidiie 
x maculata 
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Fa 1 sp mao turt 1 e - Graptemys pseudogeoC;l"aahi cc rJse«dcgeogr"aDhi Cd Gray 
\o:eS",'2rn Dain"ed turtle - Chryse~ly2. Dicta bell i (;ra}'-
Fami l.f ;rionychi dde 
Le SJeur's soft-shelled turtle - Trionyx muticus Le Sueur 
Western soft-shelled turtle - !rionyx ferox hart~legi Conant and Gain 
Suborder Lacertilia 
Family Skinkidae 
Five-lined skink - Eumeces fasciatus Linnaeus' 
Northern prairie skink - Eumeces septentrionali~ septentrional is 
Ba i rd 
Suborder Serpentes 
Family Colubridae 
Western plains garter snake - Thamnophis radix haydeni Kennicott 
Red-sided garter snake - Thamnophis sirtalis parietalis Say 
Lined snake - Tropidoclonion lineatum Hallowell 
Eastern hognose snake - Heterodon platryhinos platyrhinos Latreille 
Western hognose snake - Heterodon nasicus nasicus Baird and Girard 
Prairie ringneck snake - Diadophis punctatus arnyi Kennicott 
Yellow-bellied racer - Coluber constrictor flaviventris Say 
Western smooth green snake - Opheodrys vernalis blanchardi Grobman 
Western fox snake - Elaphe vulpina vulpina Baird and Girard 
Bullsl1a~e - i'ituophis catenifer sayi Schlegel 
i'ale IIlilk snake - Lampropeltis dOTTata multistrata Kennicott 
Fall1i ly Vipet-idae 
Prairie rattlesnake - Crotalus viridus viridus Rafinesque 
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A checklist of the 
Proc. South Dakota 
,c,ppendix 1. ;,verage values for each habitat to nine faunal groups by 
segrnen t. 
Table 1. Wildlife habitat values for cattail marsh habitat. 
Fauna 1 Group 
Big Game 
UpldncJ Came 
1-1a''Ima 1 s 
Fu rbea .-et"S 
S::la 1; r·la [wa 1 s 
Up I and :~a[:;e 
Birds 
Othe,' ',.Ia ter and 
r.',a ,·s:~ 6i rG, 
Tet~(es :l~i a 1 
G i )- j S 
P,~Jt~le and 
.,:~,l:-'~ii ~,i ans 
3.5 
NA 
8.S 
~IA 
8.0 
8.0 
8.5 
Segment 
II 
No 
Site 
I I I 
rio 
Site 
Interspers i on 
Va 1 ue 
1.1 
1.1 
1.1 
1.1 
1.1 
- --- .'- --_._ .. ,. ,-- ,.- - --_. __ . ---
Average 
4.6 
9.6 
NA 
NA 
9. 1 
9.1 
NA 
9.6 
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Table 2. Wildlife habitat values for cottonwood-dogwood habitat. 
Segment 
Interspersion 
Fa una 1 Group I I I I I I Va 1 ue Average 
Big Game 8.0 7.7 8.5 0.9 9.0 
Upland Game 
~1amma 1 s 8.5 6.0 7.5 0.9 3.2 
Furbearers 7.7 6.7 7.0 0.9 8.0 
Sma 11 Mammals 8.2 7.2 6.5 0.9 8.2 
Upland Game 
Birds 7.5 7.3 7.5 0.9 8.3 
Waterfowl NA NA NA NA 
Other Water and 
Ma rsh Birds NA NA Nil. N.4 
TetTestrial 
Birds 8.2a 6.7a 9.0a () Q 9.0 
Reptiles and 
Amphibians 4.0 5.0 4.0 0.9 5.3 
------------ - -
alncludes 1.0 habitat evaluation point for the value of cottonwoods 
as bald eagle (oosts. 
J 
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Ta b 1 e 3. WildlHe habitat values for cottonwood-willow habitat. 
Segment 
Interspersion 
Faunal Group I I I III Value Average 
Big Game rJo 8. 7 8.0 1.0 9.4 
Site 
Upland Game 
Mammals 5.0 6.5 1.0 6.8 
Fu rbea rers 6.7 6.0 1.0 7.4 
Small ~iamma 1 s 4.0 7.0 1.0 6.5 
upland Game 
Bird s 8.0 7.5 1.0 2.8 
Waterfowl 2.0 NA 1.0 3.0 
Other Water and 
Marsh Bires 5.0 NA 1.0 6.0 
Terrestrial 
Birds 5.0 7.5 1.0 7.3 
Reptiles and 
,!\mphibians 8.0 5.0 1.0 7.5 
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Table 4. Wildlife habitat values for elm-oak habitat. 
Segment 
Interspersion 
Fauna 1 Group I I I I I Value Average 
Big Game 7.0 7.0 8.0 0.9 8.2 
Upland Game 
Mammals 4.0 7.7 7.0 0.9 7.1 
Furbearers 5.0 7.3 7.0 0.9 7.0 
Small Mal1111als 5. 5 2.7 6.0 0.9 5.6 
Upland Game 
Birds 6.0 6.0 . 7.0 0.9 7.1 
Waterfowl NA NA NA NA 
Other Water and 
Marsh Birds tlA NA NA NA 
Terrestrial 
Birds 4.0a 6.2 4.0 0.9 5.6 
Reptiles and 
Amphibians 5.0 2.7 5.0 0.9 5.1 
alncludes 1.0 habitat evaluation point for the value of eastern red 
cedar as bald eagle roosts. 
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Taole 5. Wildlife habitat values for .sand dune habitat. 
Segment 
Interspersion 
Faunal Group I I III Value Average 
Big Game 5.0 4.0 5.0 0.9 5.6 
Upland Game 
r·lamma 15 3.0 3.0 4.0 0.9 4.2 
Furbearers 6.0 2.0 3.0 0.9 4.6 
Small Mammals 3.5 3.5 4.7 0.9 4.S 
Upland Game 
Birds 3.0 3.0 . 5.0 0.9 4.6 
Waterfowl NA NA NA NA 
Other Water and 
Ha rsh Bi rds NA NA NA NA 
Terrestrial 
Birds S.Oa 3.0a 3.0a 0.9 5.6 
Reptiles and 
Amphibians 7.0 4.0 6.0 0.9 6.6 
alncludes 1. 0 habitat evaluation point for the value of cottonwoods 
as bald eagle roosts. 
